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CHECK THESE IMPORTANT FEATURES : 


1. CARRIERS ARE DESIGNED FOR USE IN 
CASINGS HAVING AN INSIDE DIAMETER OF 
OR MORE. 

2. MAXIMUM NUMBER OF SHOTS PER RUN: 
As many as 100 shots can be fired on one 
trip in the hole when long sections are to be 
perforated. 

3. MAXIMUM PENETRATION ASSURED as 
shown in the cutaway test block. 

4. WELL TEMPERATURE IS NO PROBLEM: 
Schlumberger Shaped Charges have been 
thoroughly tested at temperatures to 400 de- 
grees F. The charges absolutely will not pre- 
ignite and they maintain normal character- 


istics at high temperatures. 2 carrier, left, 4 shots to the foot; 25%” carrier, center, 


Since the Schlumberger Shaped Charge Gun 6 shots to the foot; and 4” carrier, right, 4 shots to the foot. 
was introduced eight months ago, it has estab 


lished an outstanding record for economy, de 


pendability, performance and safety. It leaves no 


junk of any kind in the hole and you can see if 
the charge has fired. It is the only shaped charge 
gun which brings all these advantages to the 
field. Ask your Schlumberger Engineer for details i 
regarding Shaped Charge service at 


eS 6445S PSS” Fire power is graphic ally illustrated by this cutaway test block. 
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Professional Services 


This epace available only to AIME members Rates upon request 


AMSTUTZ AND YATES, INC. 


Petroleum Engineers and Geologists 
Estimotes of Oli & Gos Reserves 
Property Valuotions, Reservoir Analyrves 
Geologic Investigations 
406 KPH BLOG. WICHITA 2. KANS 


WILLIAM HURST 


Petroleum Consultant 
Reservoir Engineering - Primary & Secondary 
Recovery, Gas Cycling, Evaluations 
6445 BROMPTON ROAD 
Madison 118) 
HOUSTON, TEXAS 


CLEVELAND O. MOSS 
CONSULTING PETROLEUM ENGINEER 
Estimates of Oi! ond Gos Reserves 
Valuation--Production Problems—Proration 


208 MIDCO BLOG TULSA 3, OKLA 


JOHN G. CAMPBELL, CHEMIST 
licensed for 
Fivorometric Analysis of Well Cuttings 
Podbielniak & Charcoo! Analyses 
Waters - Oi! Fie'd Brines - Cores 
CORPUS CHRISTI, TEXAS PHONE 5612 


MICHEL T. HALBOUTY 
CONSULTING GEOLOGIST 
AND PETROLEUM ENGINEER 


Shell Building 


Houston 2, Texas Phone PR-6376 


CRUTCHFIELD AND PRUETT 
CONSULTING PETROLEUM ENGINEERS 


224 Wilson Building 
CORPUS CHRIST! TEXAS 


John W. Crutchfield Horton T. Pruett 


HAMILTON AND CHOMBART 


Well log Consultants 
Wright Building 
Tulsa, Oklahoma 

Electric Log Analysis and Review 
Interpretation 
Oklahoma Kansas log Analysis Service 
log Analysis Conferences 
Phones 3.7055 — 7.1825 
DR. R. G HAMILTON tL. G. CHOMBART 


DENTON-SPENCER 
COMPANY, LTD. 


CONSULTING PETROLEUM ENGINEERS 


Calgary, Alberto 


Muncaster Bidg 


KELLER & PETERSON 


Petroleum Consultants 
Reserve Estimates Property Appraisals 
Petroleum and Geological Engineering 
Reservoir Analysis 
MIDLAND, TEXAS 
P.O. Box 1787 Phone 1471 
W. O. Keller F. Peterson 


EARLOUGHER ENGINEERING 


Petroleum Consultants - Core Analyses 
Specializing in Secondary Recovery 
Investigations Approisals Operotions 
311.319 East Fourth Street 
TULSA 3, OKLAHOMA 
Office 2.5129 laboratory 2.6139 


HERSHAL C. FERGUSON 


j j Pol j 
ting gist and P 


Esperson Building 
HOUSTON, TEXAS 


Grovier Street New Orleans, la 


KIRKPATRICK & McGUIRE 


CONSULTING PETROLEUM ENGINEERS 
PROPERTY MANAGEMENT 
& DEVELOPMENT 


General Consulting Work 
SHREVEPORT, LA 
HL. KIRKPATRICK T. W. McGUIRE 
520 Spring Street Ist Not’! Bank Bidg 
7.8295 of 2.0304 2.9421 of 8.1430 


FITTING, FITTING & JONES 


Engineering & Geologicol Consultonts 


Petroleum Noturo! Ges 


Box 1637 


223 S. Big Spring St Midland, Texas 


JAMES A. LEWIS ENGINEERING 
Petroleum Reservoir Anolysts 
Core Analysis, Relative Permeability 
Restored Stote, Resistivity, Flood Tests 
Comprehensive Reservoir Studies 
Pressure Maintenance Secondary Recovery 
6923 Snider Plaza Box 237 
Dallas 5, Texas Evansville 8. ind 
Ph: 16.3836 Ph: 4.5318 


W. T. MENDELL 
Engineering & Geological Consultant 
Second Nationo! Houston, Texos 
Bank Building CApital 7612 


OILFIELD SERVICE COMPANY 
Electric Logs — Gamma Ray — Caliper 
Water Input Profiles 
Specializing in Secondary Recovery 
CHANUTE. KANSAS 


ERNEST K. PARKS 
CONSULTING PETROLEUM ENGINEER 
Planning, Direction and Examination of 
Oilfield Operations, Estimates of Oi! and 
Gas Reserves, Oil Property Valuation 
614 S HOPE STREET, LOS ANGELES 17, CALIF 
Telephone: VanDyke 4659 


WALTER ROSE 


University Station 
AUSTIN, TEXAS 


Box 1581 


A. L. SELIG 


Consulting Petroleum Geologist 
GULF BUILDING HOUSTON, TEXAS 


WM. H. SPICE, JR. 


Consulting Geologist 


2101-03 Alamo National Building 
SAN ANTONIO 5, TEXAS 


R. W. TESCH 
PETROLEUM CONSULTANT 


Valuation Development Management 
flectric Bidg Fort Worth, Tex 


JOSEPH B. UMPLEBY 
6214 PARK LANE 
DALLAS 5, TEXAS 


HAROLD VANCE 


CONSULTING PETROLEUM ENGINEER 


Pet Engr. Dept A & M College 
College Station, Texos 
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fo the editor 


Irving Fatt. author of the letter be- 
low, has become this month the lead- 
off man of a new department in the 
JouRNnaL. We hope that his is only the 
first of a long line of letters to this 
column offering constructive  criti- 
cisms or just chatting with us. Use this 
department as a megaphone directed 
at the membership (non-commercial. 
of course). Read Irving's letter below 
and let us know what you think. We're 
asking for it. 

To the editor 

| should like to present some of my 
thinking about ways of improving the Jour 
Vat or (although) 
I do not fully understand all the difficulties 
involved in publishing a technical journal. 
One of my first ideas was to have only orig 
inal papers published in the Journat. The 
papers read at various Petroleum Branch 
meetings would be given circulation only 
preprints twhich) could be ad 
vertised in the Journat so that interested 
persons could obtain copies. This idea 
stemmed from my dissatisfaction with the 
present method of publishing papers which 
were presented as much as a year before. 
Month after month I open my Journat 
only to find that all the papers are “old 
stuff” to me beeause | have already studied 
them in the form of preprints. 

\ policy publishing only original papers 

. means that about 48 additional papers 
per year would be needed. After (some 
objection) | modified my ideas and evolved 
an alternate plan . . . (which) calls for 
two of the four papers per month to be 
original never presented previously in 
iny form, This means that some of the 
papers . would have to be put aside in 
favor of original papers. (But) only about 
60 per cent of the papers presented at meet- 
ings are now published, and a drop in this 
percentage to 30 per cent would not cause 
any great upheaval . Authors of papers 
understand that presentation . . . is no 
guarantee of publication. Authors who ean 
not or do not wish to attend the meetings 
could . have their material published 
The elimination of the bother of preparing 
i paper for oral presentation might be an 
incentive for some men. 

(To get more papers) [ would suggest 
that the JourNaL have representatives in 
various parts of the country where research 
laboratories are located. These men 
could promote the writing of papers for 
the Jourvat. T do not believe the Journat 
is now publishing the results of a great 
deal of interesting research . . in uni 
versity laboratories The Journat need 
not restrict itself to petroleum reservoir 
engineering but should also report 
fundamental research in physics and chem 
istry (with! a direct bearing on petroleum 
engineering or petroleum geology problems 
In this category 1 would put research on 
surface effects, viscosity, geochemistry, and 


fluid) mechanics 
Irving Fatt 
California Research Corp 
La Habra, Calit 
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TRADE MARK 


to combat lost circulation of drilling mud 


Here's a remarkable new product to eliminate or re- Check these savings with Strata-Seal 
duce loss of circulation and returns. Recently made 


available to the oil industry, Strata-Seal has already I. Strata-Seal possible 

proved to be one of the most highly effective develop- reclamation of wells about to abandoned. , 
ments in the long search for a practical material to 2. Eliminates or reduces rig down time, ; 
combat lost circulation. It saves on mud costs, it cuts 3. Savings resulting from ability to screen, : 

rig down time. 4. Has no detrimental effect on viscosity, water content 
So effective is Strata-Seal’s bridging action, that even and gel strength of drilling Guid. 
5. Is easily added to mud. 


in a number of extreme cases, it has restored circula- 
tion and saved abandonment of wells. 6. 


Does not interfere with coring operations 


Available through leading mud service companies. See 
and feel Strata-Seal — write us for a free sample vial. 


Write to Dept. 51 


TRADE MARK 


early, slow set, or standard oil well cement. It's suitable 
as an admix in bulk cement, or can be mixed right 


More and more oil men are discovering that cement 
slurries made with Strata-Crete give them these four 
practical, valuable advantages — at low cost on the job. 


Strata-Crete is available through leading oil well ce- 
1, Strata-Crete substantially lightens the cement slurry menting concerns. Write us for more information, and 
for sample vial. See for yourself the uniform quality, 
the light weight. Write to Dept. 51. 


2. With Strata-Crete, higher columns of cement can be 
pumped with lower pressures. 


3. Strata-Crete and cement facilitates perforation 


. Strata-Crete helps materially to reduce lost circulation 
of cement. 


Manufactured to rigid specifications, Strata-Crete is 
a uniform aggregate which can be used with high 


STRATA-CRETE SALES 
EGLC® Great Lakes Carbon Corporation, 18 East 48th St, New York 17, N.Y. 
‘ Sales Offices in Principal Oil Centers 


i 
S@& i 
‘rate 
) 
“es 
: SY) ...an aggregate to lighten your cement slurries sil 
| @ 


DOWELL PLASTIC SERVICE has been used successfully 
in the reconditioning of hundreds of wells 


Control of water and gas encroachment poses a vital prob- 
lem in many old wells. On a recent job, Dowell Electric 
Pilot Surveys revealed areas of gas and water encroach- 
ment that were choking off production on a well. The 
well was then plugged back 20 feet with plastic, and 
plastic was squeezed around the casing shoe. Result? 
Before remedial work, oi] production was 12 bbls. per 
day with 90°; water and a gas-oil ratio of 20,000 cu. ft. 
per bbl. After Dowell Service, oil production was 50 bbls. 
per day with only 30°, water and a gas-oil ratio of 3700 
cu. ft. per bbl. 


Dowell Plastics have proved themselves ideal for many 
workover and recompletion jobs. If necessary, the Dowell 
Electric Pilot is used to determine the welle permeability 


profile and the sources of fluid entrance. Then, the Dowell 
engineer uses a specially engineered bailer to spot the 
plastic in the right place. The plastic enters the well as 
a fluid . then becomes an impervious solid at a pre- 
determined time. Dowell plastics provide excellent bond- 
ing and penetrating qualities that form a permanent dam 
against encroaching fluids. 


Ask your local Dowell station for complete information 
on the many uses of Dowell Plastic Service in well work- 
over and completion programs. 


DOWELL INCORPORATED 
TELS’ 3. ORLAHOMSA 
Subsidiary of The Dow Chemical Company 


PLA S T1¢ S ERY 


Ask your nearest 

and producta§ Acidix 

Seale Removal Ser equipment 
Magnesium Anodes for Corrosic mtrol and Bulk 
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TOWARD A BETTER 
UNDERSTANDING OF 


UCH is being spoken and written these days concerning 
M education, and particularly concerning engineering ed 
ucation. It has been said that our recent struggle and present 
world unrest result from the acquisition of tools of destruc 
tion for which our society has been unprepared. For this sit 
uation the engineer and technologist have been roundly criti 
cized. 

The engineer has been taken to task for not having a broad 
or liberal education, for not being aware of the so« ial respon 
sibilities of his profession and for being only a specialist. 

So much in this vein has been spoken that engineers have 
developed a group inferiority complex. They have been too 
willing to accept without argument the accusations leveled 
against them. The present discussion is devoted to the two- 
fold proposition that engineers or technologists are no more 
to blame than members of any other profession for the present 
state of affairs, and that engineering educational programs 


have desirable 


more of those aspects being stated today as 
than do most other These 
sented as a vote of confidence in the program of engineering 
education, with the hope that many of the fine things con- 


tained therein will not be thrown away in the face of extensive 


programs. propositions are pre 


reactionary criticism, 

In arguing these propositions, it is necessary to 
what education is and what functions it should perform. In 
a bread sense, education is a synonym of life. An individual's 
education is the sum total of all his experiences. Whether 
these experiences be in school or out, whether they be in 


inquire 


terms of actions, words, ideas, or writings. and whether they 
be gained through a formal or informal process is immaterial. 
It is impossible to divorce one contact from another and to 
say that one portion of a man’s life is his education and an- 


other portion is not. 


N A more limited sense, education encompasses those ex 
periences during which a man is guided in understanding 


his environment by being brought into contact with the experi 
ences of others. Education so defined is still too broad to 
include both a formal schooling and informal education 
parti ular 


In a 
still more limited sense, education connotes that 
guidance and instruction received during the interval of time 
when the individual is laying the groundwork for hi 
This training is usually received in a formal program at a 


career 


school or university. 

However, the formal educational process is only part of the 
individual's greater scope of experiences during the same 
interval of time, and it must be closely integrated with the 
total experiences. This integrating 
successful educational system, and is the quality which leads 


to the designation of a liberal education. 


process is the key to a 
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ENGINEERING EDUCATION 


By John C. Calhoun 


Pennsylvania State College 


The coneept of a liberal or broad education, although open 
to much erticism and discussion, has been generally misuo 
derstood. Prevalent misconceptions are that a specialist cannot 
have a liberal education, that a liberal education is synono 
mous with knowledge in areas of general interest to all, and 
that a liberal education is indicated by a facility of speech 

\ specialist in the arts, for example, may be judged to have 
a broad education, because he speaks on a subject to which 
all have been exposed and in which most can follow to a lim 
ited extent. On the other hand, a specialist in a technology 
may be judged te lack a broad education because he speaks 
on a subject to which few have been exposed and in which 
follow. 


few can \ specialist may or may not have a broad 


education, a judgment which must be based on considerations 
other than his field of specialization. 

On the other extreme, the acquisition of knowledge in many 
areas does not guarantee a bread education. This is often a 
sign that an individual has an encyclopedic mind capable of 
retaining many facts. or an indication that he has shallowly 
ploughed many fields without successfully producing a crop 
in any one. Although it may be true that a broadly educated 
person acquires knowledge in many areas, the inverse does 
not follow 


LIBERAI 
a state of mind. It is possessed by a man who has the 
capacity to accept new ideas upon demonstration of fact and 


analysis and who understands how his own special field of 


education is in facet the development of a 


knowledge fits into the whole. It is acquired not so much by 
exposure to a wide variety of facts and interests as it is by a 
disciplinary process through the proper handling of a few 
facts and interests. 

stated in terms 
of the qualities that are desired in the student when he has 


The objectives of formal education can be 
finished his formal education. These are civic responsibility, 
the capacity to work and the ability to produce, and the abil 
ity to communicate. 

Civie responsibility defines the individual's relationship to 
his fellow man and to society as a whole, and his attitude to 
ward himself. It ineludes his behavior in all groups of society 
within his state and national com- 
munity, within world society or within any group with which 
afhliate 
the attainment of 


within his profession 
he may Many critics in their arguments have stated 
responsibility to be the sole aim of 
Some have stated that the sole responsibility 


formal education 
toward developing this quality lies with the educational insti- 
Neither of these 


responsibility is a 


tution concepts is correct. The development 


of civic function not of the educational 
system alone. but of the individual's home, church, and politi 
cal environments. To lay the entire blame for good or bad 


Continued on Page 3, Section 2 
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Mounting Core Analysis Specimens 


In Thermoplastic 


By W. E. Showalter 


Union Oil Co. of California 


ee article presents an improved technique of mounting 
Both 


SUCCESS 


cal well core specimens in thermoplastic resin 


consolidated and unconsolidated specimens can be 
fully handled by this method, and the process greatly simplifies 
many core mounting problems 

As the technology of core analysis has progressed, there 
has developed a need for some good method of mounting core 
specimens for use in fluid flow investigations. Various methods 
have been devised in the past, but each has had certain dis- 
advantages and only 


have hampered many of the investigations and have often 


limited usefulness. These deficiencies 
thwarted fundamentally simple tests 

A technique is described which permits the application of 
thermoplastic resins to almost all samples normally encoun 
tered and at temperatures only slightly above the thermal yield 
point of the plastic and at relatively low pressures. Of equal 
importance is the fact that the technique is not unduly tedious 
and can be carried out with a minimum of specialized equip 
this that 


although the plastic prevents by-passing down the periphery 


ment. An important advantage of technique is 


of the sample by squeezing into the exterior indentations, an 
insigniheant penetration of the pores occurs 
The procedure for making such may be 


mountings sum 


marized as follows: The rock specimen is hermetically sealed 
into a snug-fitting thermo-plasti« tem 
bath 
perature and pressure until the seftened plastic is 
bonded to the rock. shrinks 


the rock and penetrates inte the outer layer of sand grains 


container, placed in a 


perature-pressure and maintained at an elevated tem 
firmly 
\s the softened plastic around 
the excess air within the plastic container is compressed and 


rock After 


the bath is first cooled, then depressured, and 


forced into the interstices of the sufficient time 


has elapsed 
the specimen removed. Specimens with all degrees of hardness 
and consolidation may be mounted in this manner, and the 
shape or size of the specimen is not important. Crushed ot 


broken 


jected to excessive or unequal mechanical strain during the 


specimens rarely result) because they are sub- 


mounting process. The slight strain that is applied to the rock 
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is uniform in all directions and is cushioned by the layer 


of softened plastic that completely surrounds the specimen 
rhe importance of this cushioning effect is emphasized by the 
fact that the plastic does not start to press against the speci- 
men until it has been softened due to heating 
Unconsolidated sands and graded crushed rock may also 
be mounted for testing by this technique. Specimens mounted 
in this way may be used for a variety of tests including the 
determination of permeability, porosity, resistivity, interstitial 
water, water flooding, gas depletion, and similar studies. The 
usefulness of the specimens is limited only by the ingenuity 
of the individual using them. Various items such as metal end 
porcelain end plates, porcelain annular wire 


plates rings. 


coils, electrodes, ete.. may be mounted with the specimen, 
thereby greatly simplifying many of the setups for specialized 


testing 


Mounting Consolidated Specimens 
in Lucite Plastic 

The procedure which we have found to be most satisfactory 
when mounting consolidated specimens in Lucite plastic is 
follows: 


generally as Shape specimen to desired form and 


cement, together with any attached devices, into plastic con 
tainer which has been machined to a snug fit. (See Fig. 4.) 
Place the hermetically sealed. plastic enclosed specimen in a 
pressure temperature bath, such as shown in Fig. 3, and ele 
vate the pressure to approximately 500 psig and the tempera 
to about 250°F. 


optimum only and it may be desirable to deviate from them 


ture These pressures and temperatures are 
Maintain the specimen under these 
cool the 
When the specimen is cool 


under special conditions. 


conditions for appreximately four hours and then 


bath but 


the pressure 


maintain the pressure. 


may be released, the specimen removed and 


machined and polished as desired. 
Examination will show that the plastic bonds to the sand 

firmly and to a depth of approximately one-half grain diam 

eter. If a mounting is cut open and the sand removed, it will 


be found that a single layer of sand adheres to the plastic 
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FIG. 2 — CRUSHED QUARTZ THIN SECTION MOUNTED IN LUCITE 


lf it is desirable to fully open the ends of the specimen, 
this may be done by mounting the specimen with a disk of 
blotting paper over each end. Machine away the plastic to 
the blotting paper and lift out the disk. By proceeding in 
this manner the dimensions of the sample are not altered in 
the process of fully opening the ends. 


Mounting Unconsolidated Specimens 
in Lucite Plastic 

When mounting unconsolidated specimens the procedure ts 
the same except that the sand is poured into the plastic cup 
and tamped by tapping the side of the cup. The degree of 
this mechanical tamping does not appear to be too important 
as the sand is finally compacted by pressure on the heat 
-oftened plastic. 

After the lid has been cemented in place, the plastic en 
closed specimen should be supported longitudinally in some 
manner. One good method of obtaining longitudinal support 
is to slip the plastie-enclosed sand in a tight-fitting mailing 
tube. This will prevent the specimen from assuming a longi 
tudinal sag as the plastic softens when heated 


Equipment Required 


The items of equipment required te mount cores in this 
way are standard items in many laboratories. The so-called 
pressure temperature bath can consist of a steam jacketed 
pressure vessel, or equivalent. designed for 500 psi internal 
pressure. (Fig. 3.) It is helpful to have this vessel equipped 
with some type of quickly removable lid, although an ordinary 
fianged lid is satisfactory but more tedious to use 

\ convenient source of pressure for small equipment is a 
nitrogen evlinder with a regulator that will supply nitrogen 
at 500 psi. Bottled nitrogen is probably the best source of 
pressure as it is both convenient and inert 


STEAM TRAP 


FIG. 3 — SCHEMATIC DRAWING PRESSURE TEMPERATURE BATH 
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FIG 4~— METHODS OF CEMENTING SPECIMENS IN PLASTIC CUPS 


Miscellaneous 


The same technique can be used tor mounting ceramu 
membranes for use in capillary desaturation or relative perme 
ability tests. It obviates the necessity of using cement to seal 
the porcelain membranes in place. A piece of highly perme 
able sintered glass may be mounted adjacent to eac h piece ot 
porcelain to distribute fluid from flow line te porcelain 

Many fluid flow determinations may be simplified by mount 


ing the test specimen in plastic instead of using a cell 


Conclusions 


In conclusion. | ” i that this technique 
not a radical departu from customary methods. but ts 
believed to be a more convenient precedure and circumvent: 
the excessive pressures and temperatures pla ed upon the 
sample by methods of handling involving the casting of plastic 
about the sample. It has proved to be very useful, and will 
undoubtedly find wider application as new and more desirable 


thermoplastics become available 


FIG. 5—LARGE OHIO SANDSTONE CYLINDER MOUNTED IN LUCITE 
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Technical Yotes 


SOME CONTROLLING FACTORS REGARDING VARIABLE WEIGHTING OF 


CEMENT SLURRIES 


M. A. MALLINGER, STANOLIND OIL AND GAS CO., TULSA, OKLA 


ABSTRACT 


\ series of laboratory tests was conducted to determine the 
Jimits of practicability in regulating the weights of various 
fement slurries. It was found that slurry weights of 12 to 19 
Wb per gallon could be obtained by adding bentonite to de 
frease the weight and barytes ore to increase the weight. It 
Was also found that barytes ore was not usable in all cements 


LIGHTWEIGHT CEMENT SLURRIES 
INTRODUCTION 
During the drilling and completion of oil wells the magni 


tude of the hydraulic 
is critical. In many cases considerable care must be exercised 


pressures exerted on certain formations 


fo prevent drilling mud weights from becoming too high, and 
im those wells where loss of circulation is a problem, the use 
Of normal weight cement slurries will generally result in lost 
feturns While 


Weights can easily be controlled, it is necessary to exercise 


during casing cementing operations. mud 


@are in the selection of weight reducing additives for cement 
sufh 
Gently te prevent the loss of a large pertion of the cement 


@urries in order that slurry weights may be reduced 


fe the thief formations without seriously affecting the setting 
Properties of the cement 


EXPERIMENTAL RESULTS 
An extensive search revealed that a large number of mate 
rials that might have been otherwise practicable as a weight 
reducing additive were not acceptable for use with oil well 


— 

TS 

WITH 
BENTON/ FE 


WT 


FIG. 1 — PER CENT BENTONITE BY WEIGHT OF CEMENT 
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slurries 
caused the additive being tested to be compressed or to absorb 


cements because the imposition of pressure on the 


water from the slurries, resulting in negligible decrease in 


the slurry weight 


This lightweight additives disclosed that ben 
tonite, a material very commonly used for reducing the weight 


search for 


of drilling muds and cements, produced the best results with- 
out undue harmful effects on the properties of oil well cements 
It was found that there was a limit to the amount of benton- 
ite that could be used, but that this limit was, in many cases, 
considerably higher than is generally believed practicable 


In the evaluation of bentonite as a slurry weight reducing 
Effect 


on slurry weight; effect on strength; effect on pumping time: 


additive, the following characteristics were analyzed 


effect on porosity and permeability 


Weight 
proportionally 


(1) Slurry The slurry weights of all brands of 


cements were decreased by the addition of 


bentonite. Fig. 1 illustrates the weight reductions that can be 


accomplished in five different cements by adding increasing 


amounts of bentonite. These slurry weights could not be 


altered by the imposition of 10,000 psi pressure on the slurry. 


(2) Strength In the determination of the maximum al 


lowable per cent bentonite that can be added to cement, a 


tensile strength development of 100) psi in 24 hours was 
selected as the minimum strength acceptable 
Strength tests at curing temperatures from 80°F to 200 7 


were conducted on all of the cement-bentonite mixtures shown 


STRENCTA QEVELOPMAENT 
oF 
CEMENT 


FiG. 2~— PER CENT BENTONITE BY WEIGHT OF CEMENT 
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FIG. 3 ~ MAXIMUM ALLOWABLE PER CENT BENTONITE 


in Fig. 1. Fig. 2 is a plot of the data obtained on one 
and is typical of the curves plotted for each cement evalu 
ated. indication of the 
amount of bentonite that can be safely used at various curing 


cement 


These curves serve as an maximum 
temperatures. The maximum usable per cent bentonite for each 
curing temperature can be determined in Fig. 2 by reading 


the abscissa at the intersection of each curve 
and the 100 psi ordinate. By the use of this type of plot and 
by substituting well depth for temperature. it was possible to 


that 


temperature 


determine the maximum allowable per cent bentonite 
could be used in any cement at any depth. Fig. 3 is a geo 
graphical presentation of these data. 

Stirring time tests conducted on the 


Thickening 


which 


(3) Pumping Time 
Stanolind 


Tentative}. a 


high pressure Pressure Time Tester 


(API Code 32. 


consistency and pumping time of cement slurries at pressures 


machine measures the 
and temperatures comparable to those encountered at any well 
depth. indicated that the pumping time of cement 
increased nor decreased by the addition of any 
Fig. 3) of 
consistency of the slurry containing bentonite was the same 
This indi 
has little 


slurries 


was neither 


operable amount (see bentonite, if the initial 


as a slurry of the same cement with no bentonite 
cates that the bentonite, when used as recommended 
or no retarding or accelerating effect on the pumping time 
of cement slurries. 

The effeet of the addition 


and 


(4) Porosity and Permeability 


of bentonite to cement slurries on the porosity perme 


ability of the set cement 
quantities of bentonite to several 
the samples to cure and measuring the porosity and perme 
It was found that 


was determined by adding various 


cement slurries. allowing 
ability of the set cement-bentonite samples 
beth the porosity and permeability of the set cement did 
increase with the addition of bentonite, however, the perme 
abilities, even with the highest percentages of bentonite, were 
less than one millidarey. The permeability 
all made with air as the flowing medium in order to evaluate 


the most severe conditions. It is believed that the permeability 


measurements were 


of this cement to water would be even lower. The porosities 
reached a figure as high as 55 per cent: however, it is believed 
that this factor has no detrimental effect on set cement other 
than to result in a reduction in strength. which characteristic 
was thoroughly investigated. Fig. 4 illustrates the porosity and 
permeability values of a typical bentonite cement 

With the specific gravity of dry bentonite approximately 
2.7. it is believed that its lightweight producing qualities are 
a result of the ability of the bentonite to absorb large quan 
tities of water, and it is the addition of this extra water which 
is directly responsible for reducing slurry weights. The amount 
of water, over and above the volume normally used for mixing 
cement. that should be added to the slurry for the purpose of 
wetting the bentonite is .34 gal per sack of cement per per 
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cent bentonite. For example, when using 3 per cent bentonite 
the water-cement ratio should be increased 1.02 gal per sack 
over that normally neat cement. With water 
cement ratios increased by this factor the lightweight slurries 
should have consistencies approximately equal to the con 


used for the 


sistency of the neat cement slurry. 


SUMMARY 
Lightweight bentonite-cement slurries containing up to 12 
per cent bentonite have been tested successfully in the field 
There have jobs contributable to the 
cement and, in some areas, tests indicate that the use of a 
high method that can 
which will insure returns throughout the cementing operation 


been no unsuccessful 


bentonite-cement is the only be used 


HEAVYWEIGHT CEMENT SLURRIES 
INTRODUCTION 


Recently deeper wells have been requiring heavier muds 
and, consequently, a need is anticipated for heavier cement 
slurries. At present there is only a limited demand for slurries 
heavier than can be obtained with neat cement. The greatest 
application is anticipated in plug back jobs in which 17 Ib 
per gallon or heavier mud must be used. In these plug back 
obs a cement as heavy as mud is desirable in order to elim 
tendency of the te float in the mud. It is 
as wells are drilled deeper and deeper, the 
that 


cement be 


inate the cement 


visualized that, 
formation encountered will) require 


higher pressures 


heavier slurries than are obtainable with neat 
required in casing cementing operations in order to eliminate 


the hazard of a blowout during the operation 


EXPERIMENTAL RESULTS 


The most practicable additive found to date for increasing 
cement slurry weights is barytes ore: however, care must: be 
exercised in the selection of the cement to be used with this 
ause the setting characteristics of many cements are 
unfavorably affeeted by the addition of 


this ore. A study of Table I 


and strength development vary widely with different brands 


ore be 
large quantities of 
weights 


will reveal that slurry 


of cement. It is pointed out that this wide variation is caused 
by the large quantities of ore that are needed, as compared 
with the relatively small quantities of bentonite used in light 
therefore, the effect of the additive on different 
cements magnihed. Cement 
Fable [is usable at any depth with per cent ore, while 


weight slurries 


is greatly for example, m 


Cement “G™ can only be used at much greater depths. Cement 
Continued on Page 5, Section 2 
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PERCENT BENTONITE — 
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FIG. 4 — EFFECT OF BENTONITE ON THE POROSITY AND PERMEABILITY 
OF SET CEMENT 
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ENGINEERING DEVELO 


NORTH TEXAS SECTION 


Strata-Lift and Channeling Acid 


Almost 100 members and guests of 
the North Texas Section attended a 
meeting in the Blackstone Hotel, Fort 
Worth, on October 30. to hear J. 
MeCormick, engineer for Dowell Incor 
porated, Tulsa, Okla., discuss Strata 
Lift and channeling acid 

McCormick pointed out that any un 
derground formation can be lifted or 
fractured if sufficient pressure is ex 


verted against it, and the pressure re- 


quired for such a disruption is as- 


tsumed to be approximately equal to the 


weight of the overburden. Strata-Lift, 
trade name for one method of making 
this underground fracture, is a process 
in which thickened hydrochloric acid 
is used as the injection or pressure 
Mransmitting fluid. Reasons for using 
this material are that the viscosity of 
the fluid is subject to accurate control 
and that it reverts to a thin, free-flow 
ing medium in a matter of a few hour 
without the addition of other solutions; 
that the fluid, being acid, has some sol 
Vent effect upon most formations. in 
@reasing to that extent the size of the 
fracture: and that the well may be 
Opened immediately after treatment 
The Strata-Lift technique has been 
Buccessfully applied te sand, sandy 
Himestone, and limestone formations 
With sustained production increases 
and experience has shown that the best 
results can be expected from wells hay 
ing low initial production rates and 
requiring high fluid injection pressure 
Conditions which might be considered 
unfavorable to the Strata-Lift technique 
are usually found in wells with high 
initial production rates, high water-oil 


ratios, high gas-oil ratios. or wells with 


exposed shale beds within the forma 
then 

The use of auxiliary hydrochloric 
acid having the same concentration and 
employing the same additives as that 
recommended in the conventional acid 
izing of the formation concerned is 
normally recommended following the 
injection of the thickened acid 

Channeling acid has been designed 
primarily for the retreatment of previ 
ou ly acidized wells. This acid contains 
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By Kenneth F. Anderson 


a special additive which causes a coat 
ing to be formed on the rock formation 
This coating resists further action by 
the acid, thereby causing the acid to 
advance through the formation, creat 
ing long, narrow tubes or channels 
within the rock. Channeling acid is 
always followed by auxiliary acid so 
that the protective coating will be dis 
solved and the long, narrow tubes or 
channels enlarged 

In conclusion, MeCormick empha 
sized that each job is a special prob 
lem regardless of whether the Strata 
Lift technique or channeling acid is 
being considered. He recommended that 
the procedure, the amount and type of 
agents to be used, and the incidental 
well preparations should each be care 


fully determined before a job is begun 


Preceding McCormick's speech, Ko 
land Gouldy, chairman of the Section 
led a discusion of business affairs dur 
ing which Kenneth F. Anderson, chair 
man of the auditing committee, gave 
a summary of the financial conditions of 
the North Texas Section and Gouldy 
gave a resume of the national chapter's 
financial status. These ofheers were 
elected by acclamation to serve during 
the coming vear: chairman, Jack A 
Crichton, Dallas; vice chairman (Dal 
las). K. Marshall Fagin: vice chairman 
(Fort Worth), Gus Athanas; vice chair 
man (Wichita Falls), Earl C. Tavlor, 
Jr.; secretary-treasurer, Kenneth F. An 
derson, Dallas: directors, W. E. Stiles 
Dallas; Pat Reardon, Fort Worth; R 
(. Parker, Wichita Falls; Joab B. Har 
rell, Jr., Eastland; and Gordon R. Stine. 
Wichita Falls. * 


SAN JOAQUIN FV ALLEY SECTION 


MicroLogging in California 
By M. C. Eastman 


Milton EB. Loy. assistant manager in 
California of the Schlumberger Corp 
was principal speaker at the San Joa 
quin Vallev Section’s first meeting of 
the 1950-51 season on November 2. He 
described the use of the Microlog 


with 
emphasis on its application in Cal 
ifornia 


Veeting Votice 


Notice is hereby given that the 
Annual Business Meeting of | the 
AIME will be held at the Hotel Jef 
ferson, St. Louis, at 4 p.m. Tuesday 
Feb. 20. 1951 The newly elected 
directors and othcers assume their 
duties at this meeting. A report of 
the financial condition of the Inst 
tute will be made. as well as reports 
of the principal officers and standing 
committees. All AIME members are 
invited to be present. Immediately 
afterward, at 5 p.m.. the new Board 
will meet in executive session. * ® ® 
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In conventional electrical logging the 
spontaneous potential log is used to 
delineate the permeable bed. When the 
formations are much more resistive than 
the mud (for example, limestone for 
mations and wells drilled with salty 
muds). or in the case of interbedded 
zones, the SP is quite rounded In these 
cases the SP log generally gives the 
approximate location of the permeable 
zones, but it cannot be used for an 
weurate determination of the bound 
iries of each permeable bed 

The MicreLog has been developed 
primarily as a means for the accurate 
cetermination of the permeable beds 
where the SP alone does not give a 
satisfactory answer. The Microlog at 
the present time consists of two short 
spacing resistivitv curves, a 2-in Nor 
mal and a I'»s-in. Lateral. The elec 
trodes are mounted in a rubber pad 
and by a suitable spring assembly the 
pad Is applied to the wall of the bore 
hole. This pad application is essential 


Continued on Page 7, Section 2 
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PACIFIC TECHNOLOGY GROUP 


Field Problems Involved In Water Injection 
For Secondary Recovery 


The seventh lecture of the current 
AIME series on secondary recovery 
was given by E. C. Babson, of the 
Union Oil Co. of Calif. on October 23. 
1950, at the General Petroleum Audi- 
torium in Los Angeles. 

Babson pointed out that there are 
currently 13 water injection projects in 
operation in California. Seven of these 
are strictly for the purpose of secondary 
recovery while six are water disposal 
projects. The principal field problems 
involved in any water injection plan 
concern (1) source of water, (2) water 
treatment, (3) method of injection, and 
(4) injection well performance. 

Availability of water is a problem in 
many California areas because of the 
semi-arid climatic conditions. Further- 
more, in those instances where surface 
or shallow well waters are available. 
they are often not suitable for injection 
purposes as their chemical composition 
may be such as to cause a serious loss 
of sand permeability due to interaction 
of the water with the sand (clay hy- 
dration) or because of the formation 
of precipitates resulting from reac- 
tion of the injection with the formation 
water. When a source of water has been 
developed it is generally found neces- 
sary to resort to various treatments in 
order to prevent zonal damage or plug- 
ging of the injection wells. Such treat 
ment may by means of either an “open” 
or “closed” system. For an open system 
no effort is made to prevent air from 
contacting the water. Accordingly, sev- 
eral or all of the following treatments 
may be involved: (1) oil separation, 
(2) iron removal, (3) suspended solids 
removal. (4) algae and bacteria con 
trol. (5) corrosion control, and (6) 
stabilization of the water. Equipment 
required consists of floceulators, set- 
tling basin and filters. The latter may 
operate either under gravity flow or 
under applied pressure. All filters re- 
quire periodic back-washing but far 
less so for the pressure than for the 
gravity flow type. For a closed system 
no treatment other than filtration is 
generally necessary as no air comes in 
contact with the injection water. 

Corrosion of equipment presents a 
serious problem, especially when brines 
are being handled. While inhibitors are 


December, 1950 


By N. van Wingen 


helpful to mitigate corrosion, transite 
pipe and wooden tanks can be used to 
advantage in many instances. Wherever 
dissimilar metals touch, proper insula 
tion should be provided to prevent gal- 
Vanic corrosion To minimize pump cor 
rosion, stainless and monel metal are 
used extensively, and one manufacturer 
has a pump using porcelain plungers 

Well injection can be 
either with a central pumping plant or 


accomplished 


by placing pumps at individual loca 
tions, and either method offers certain 
plant re 


disadvantages. The central 


WID-CONTINENT SECTION 


quires a capital outlay for added pipe, 
while operating costs will be higher 
when pumps are placed at scattered lo- 
cations. As for subsurface conditions, 
gun perforated wells will take less 
water than shop perforated ones, but 
this disadvantage may be offset by the 
higher degree of zonal selectivity it ts 
possible to obtain. Water is generally 
injected through cement-lined tubing 
landed on a packer, but in areas where 
corrosion is not severe, annulus injee 
tion may be resorted to 


Continued on Page 7, Section 2 


Hydrafrae in Oklahoma 
By J. C. McCarthy 


The first regular fall meeting of the 
Mid-Continent Section was held Novem 
ber 13, in the Red Lacquer Room of 
the Alvin Hotel in Tulsa, Okla. Ap 
proximately 125 people were in attend 
ance during the technical program to 
hear W E. Hassebroek 
engineer with the Halliburton Oil Well 
Duncan, Okla 


development 


Cementing Co., discuss 


W. HASSEBROFK 
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application and results of Hydrafrac, 
with particular emphasis on Oklahoma 
Hassebroek has been associated with 
Halliburton in various capacities since 
he graduated from Oklahoma A&M 
College in 1935 with a B.S. degree in 
chemical engineering. Since the intro 
duction of the Hydrafrac process, he has 
devoted practically full time to the co- 
ordination of laboratory and field work 
pertaining to that service. 

The process, originally developed by 
the Stanolind Oil and Gas Co., was 
placed in operation in 
March, 1949, and since that time more 
than 1,900 treatments have been per 


commercial 


formed extending into practically every 
section of the United States. A brief dis 
cussion of the process theory was given 
and a number of factors which experi 
ence has shown to be 
selecting a well for 
listed. Zone isolation for treatment was 


important in 
treatment were 


emphasized with examples given of its 
importance. 

Formations treated and general re 
sults obtained in each area were pre 
sented. Emphasis was placed on the 
process applications to Oklahoma where 
1,100 treatments in 77 different forma- 
tions have been performed. Typical 


Continued on Page 7, Section 2 
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Wren I put an oil well in someone's 
hands for perforating, I want to be sure my invest- 
ment is safe. I want savvy on the job, know-how, 
experience...and the Lane-Wells crews have it, 
seventeen years of it.” 


“I want the shots put where I order ‘em, and Lane- 
Wells hits those measurements right on the nose.” 


“I want the job done safely, without damage to the | 
well or injury to men... and Lane-Wells’ equipment 


and operating methods are as fool-proof as they 
can be made.” 

“Finally, I want results, which means, of course, 
penetration... and Lane-Wells delivers that pene- 
tration and gets results!" 


LOS ANGELES - HOUSTON - OKLAHOMA CITY 


General Oifices, Lipert Office and Plant - 5610 SO. SOTO STREET, LOS ANGELES 58, CALIFORNIA 
LAME WELLS CANADIAN CO IN CANADA PETRO TECH SERVICE CO IM VENEZUELA 


THAT’S WHY 


LANE-WELLS 
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DISCUSSION OF THIS AND ALL FOLLOWING TECHNICAL PAPERS IS INVITED 


Discussion in writing (3 copies) may be sent to the Editor, Journal of Petroleum Technology, 601 Continental Building, 
Dallas 1, Texas, and will be considered for publication in the Transactions volume Petroleum Development and Technology. 
Discussion will close December 1, 1950. Any discussion offe-ed thereafter should be in the form of a new paper. 


PERFORMANCE OF THE LOWER PAWELEK RESERVOIR, 
FALLS CITY FIELD, KARNES COUNTY, TEXAS 


JOHN W. CRUTCHFIELD, CRUTCHFIELD AND PRUETT, CORPUS CHRISTI, TEX., AND EMIL F. BOWERS, SOUTHERN 


MINERALS CORP., CORPUS CHRISTI, TEX., MEMBERS AIME 


ABSTRACT 


This paper presents the initial results of a pressure mainte 
nance by water return project in the Lower Pawelek reservoir 
of the Falls City Field, Karnes County, Southwest Texas. Pro- 
duction is from the Lower Wilcox section at an average depth 
of 6,030 ft on the downthrown side of a “down to the coast” 
fault. Of particular interest is that the reservoir oil is high 
gravity and low viscosity but far undersaturated with gas at 
the original reservoir pressure and temperature. The early 
pressure and production history indicated only a partial or 
limited water drive, and this fact, coupled with the charac 
teristics of the reservoir fluid and artificial lifting problems 
made advisable the water injection program to maintain reser 
voir pressure 

The paper includes a description of the reservoir and reset 
voir fluids, the pressure and production history, a description 
of the water injection facilities, and the results of reservoir 
caleulations involving Hurst's unsteady state and the 
material balance for calculation of influx 
and prediction of 
various rates of withdrawal. 


flow 
equations water 
the pressure-production relationsip at 

The reservoir calculations and initial field results indicate 
that reservoir pressures in excess of 85 per cent of original 
pressure can be maintained by control of water injection even 
at very high rates of production. 


INTRODUCTION 


The purpose of this paper is to report the | 


initial results 
of a pressure maintenance by water return program in the 
Lower Pawelek reservoir, Falls City Field, Karnes 
Texas, and to calculate an empirical relationship between pre 
sure and production in this limited or partial water drive 


County 


reservolr. 


"References are given at end of paper 

Manuscript received at office of the Petroleum Branch December 
1949. Paper presented at a meeting of the Southwest Texas Section of 
the Branch in Corpus Chr. »ti, Tex., November 16, 1949 
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DISCUSSION 
Location 
The Falls City Field 
of the town of Falls City 
approximately 50 miles south-southeast of San 
Highway 181. 


(Fig. 1) is leeated two miles north 
in Karnes County, Texas, and is 
Antonio on 


Discovery and Development 


The initial block of leaves was taken after a surface geologi 
identified a major east-west fault and closure on 
the south or downthrown section. The discovery well, South- 
ern Minerals Corporation’s Joe F. Bartosch 1, was completed 
at 4.650 ft in the Lower Bartosch sand in December, 1944. 
Drilling was continuous until December, 1946, and resulted 
12 oil reservoirs between 4,600 and 6,050 
Wileox formations. 
2). As of the current date 


eal survey 


in the discovery of 
ft in the Middle 


shown on the eros 


and Lower These are 
(Fig 
there are 64 oil wells completed as follows: 


section 


Southern Gulfshore Magnolia 

Mine, als Oi Petroleum 
Reservoir Corp Co. Corp. Potal 
I pper Bartosch 0 0 0 
Bartosch 16 0 16 


“hulze 7 


Lower 
Upper Faires 4 
Lower Faires 
Upper Moezygemba 
Lower Moc zvgemba 
Olinick 

Upper Martinez 
Lower Martinez 
Upper Pawelek 
Pawelek 


Lower 


Potal 
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A deep test well was drilled in 1949 to 10,235 ft which 
penetrated the Edwards formation and a portion of the Glen- 
rose formation. No commercial oil or gas production was indi- 
eated below the Lower Wilcox. 


LOWER PAWELEK RESERVOIR 
Geological Data 


The Lower Pawelek reservoir is an elliptical, low relief 
structure with sand thicknesses ranging from 25 to 40 ft. The 
producing formation (Fig. 3) has been encountered as high 
as 5,663 ft subsea, and original water table has been estab 
lished by drill stem tests at 5,716 ft subsea, indicating a maxi 
mum oil column of 53 ft. No gas cap has been encountered. 


The average net effective oil sand thickness (Fig. 4) is 
16 ft and the producing area includes 919 acres. The produc- 
ing formation can be described as medium grained. gray, 
calcareous sand sometimes being interbedded with shale. 
Analyses of 47 core samples from two wells indicate an aver- 
age porosity of 24.5 per cent and average permeabilities 
parallel and perpendicular to the bedding plane of 311 and 


T.P. 2937 


121 md, respectively. Connate water saturations by restored 
state or capillary tests were measured in three cores, and are 
calculated to average 37 per cent of pore space corresponding 
to the average permeability and to the average height of sand 


above water. A summary of reservoir data is presented in 
lable I 


Engineering Data 


Because of the multiplicity of producing sands and the 
desire to complete some wells in each of the productive reser- 
voirs, it was not possible to uniformly pattern the producing 
wells over the Lower Pawelek reservoir. The average well 
density is 34 acres per well; however, the minimum distance 
between offsetting wells is 660 ft. 


Completion practice was to cere into the Lower Pawelek 
sand, bottom the hole approximately five ft above the water 
level, set 54 9-in. casing to bottom, and gun perforate the lower 
five to ten ft of sand. An effort was made to select completion 
intervals between impermeable barriers and breaks. The lat 
ter one-half of the wells were completed with multi-stage 
cementing devices set at approximately 5,600 ft for added 
protection against migration of reservoir fluids in upper sands 
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The first Lower Pawelek reservoir pressure measured was Table | Reservoir Data 
2,583 psi in Bartosch 1-A in November, 1945, at which time Falls City Ficld — Lower Pawelek Sand 
the cumulative production was 23,133 bbl of oil. Pressures as ; 
high as 2,611 psi (Olinick 6, March, 1946) have been meas Original Oil-Water Contact, Ft S5 
ured, and the original reservoir pressure has been assumed to Average Porosity, Per Cent 
be 2,625 psi. The subsurface pressure datum plane is 5,685 ft Permeability, Millidareys* 
subsea, midway between the crest of the structure and the Parallel to Bedding Plane 
original water level. Perpendicular to Bedding Plane 
Connate Water, Per Cent of Pore Space 
Average Net Pay Section, Ft 


lil = ¢ 17 Productive Area, Acres 
tberation, and viscosity data are shown in Figs. 5, 6, and 7 Estimated Oil in Place. MM Reservoir Bbl 


Briefly, the sample showed a saturation pressure of 797 psi 


A subsurface sample of Lower Pawelek reservoir oil and 
gas was taken in November, 1945. Flash liberation, differential 


Original Reservoir Pressure, psig at 5,685 Ft SS 
Reservoir Temperature, F 
Characteristics of Produced Oil** 


Dissolved Gas-Oil Ratio 
0.847. The oil viscosity was 1.03 centipoises at original reser- Shrinkage Factor. Bb] Stock-Tank Oil 


at the reservoir temperature of 190°F. The stock tank gas-oil 
ratio at zero lb separator pressure was 167 cu ft per bbl with 
an API gravity of 39.2 degrees and a shrinkage factor of 


voir conditions, and 1.64 centipoises at atmospheric pressure hg aE 
and reservoir temperature. Oil Gravity. API 
An analysis of bottom water from the reservoir indicated a Sodium Chloride Content of Connate Water, PPM 18,690 
salinity of 18,691 ppm chloride. It is of interest to note that Viscosity of Original Reservoir Oil Centipoises 1.03 
' five of the upper reservoirs in the Falls City Field are under- 
lain with water having chloride contents of less than 5,000 *Average of approximately 47 determinations on cores from two wells 


**Original reservoir oi) produced under separator conditions of 0 psi and 
ppm 


PALLS CITY FIELD 


O Lower Pawelek Sand 
FIG. 3 — FALLS CITY FIELD, LOWER PAWELEK SAND, CONTOURED ON TOP OF SAND 
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Pressure-Production History 


\ total of eight shut-in subsurface pressure surveys (Fig 
8) had been made in key wells up to March 1, 1948, with a 
maximum of six months between any two surveys 
pressures have been determined by area-weighting the entire 
reservoir. Cumulative production on that date was 694.281 
bbl. Many of the structurally low wells produced water which 
averaged 20 per cent of total fluid during the latter part ot 
1947. Following development, oil production ranged from ap- 
proximately |,000 to 1.250 B/D 


Reservoir 


As late as March, 1947, it was believed that the re 
pressure would stabilize at a high level although no reservoir 


“ervoir 


calculations had been made by that date. It appeared that the 
water influx was approaching reservoir withdrawals in mag 
nitude since any large difference would result in a major pres 
sure decline because of the extremely low compressibility of 
the undersaturated reservoir oil. It 
however, that the aquifer was limited in extent and that the 
drive would not support the desired rate of oil production 
with increasing volumes of saltwater at reservoir 
which would sustain natural flow. 

By March 1 
2.281 psi, or 344 Ib less than the original pressure. Five wells 


soon became apparent 


pressures 


1948, the reservoir pressure had declined to 


Wilson 
Karnes 
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had been placed on artificial lift and a majority of the remain- 
ing wells had declined in tubing pressure to the critical point 
required to maintain natural flow. 

It should be pointed out that this field is located in an area 
almost devoid of natural gas reserves which might be utilized 
for gas lift. Installation of convential pumping or hydraulix 
pumping equipment appeared inadvisable because of limited 
fluid capacity available for depletion of water drive reservoirs 
and also because of the high initial investment required. Lim- 
ited quantities of natural gas were obtained by laying eight 
miles of transmission line and installing compressor facilities 
to pick up ecasinghead gas. 


\ second production problem became apparent during this 
period when surface evaporation was no longer adequate for 
disposing of the increasing volumes of salt-water. These two 
problems indicated the desirability of a pressure 
by returning produced water to the 
Pawelek reservoir 


strongly 
maintenance program 


Lower 


Prediction of Pressure-Production Relationship 


lo fully evaluate the effect of water injection on reservoir 
pressure, a series of reservoir calculations was made involving 
the volumetric balance equation’ and Hurst's’ unsteady state 


County 
County 


FALLS CITY FIELD 


O KARNES COUNTY, TEXAS 
Lower Pawelek Sand 


Effective Oil Sond 


ox 


FIG. 4—FALLS CITY FIELD, LOWER PAWELEK SAND, EFFECTIVE OIL SAND 
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flow equation for calculating water influx and predicting reser- 
voir pressures at various rates of oil and water production and 
water injection, The equations, adapted to the Lower Pawelek 
re ervoir, are as follows: 
Z [An z] [n(m 
Total Water Oil and Water Water Expansion of 
Influx Withdrawals Injection Oil Remaining 
where 
Z Total water influx, bbl 
An Cumulative oil produced, stock tank bbl 
n = Original oil in place, stock tank bbl 


u Bbl of oil under original reservoir conditions 
which yield on bbl of stock tank oil 
Bbl of oil, and gas released from solution, at pres- 
sure P resulting from «, bbl of original reservoir 


oil 

Cumulative water production, bbl 

Cumulative water injection, bbl 

Cumulative total water influx, bbl 
Hurst's formula for radial water influx, 


(P, Pi) (4, —4,) 


FALLS CITY FIELD 
O KARNES COUNTY, TEXAS 
lsobaric Map - Lower Pawelek 


Sand 


Vol. 189, 1950 


FIG. 11 — ISOBARIC MAP, LOWER PAWELEK SAND, FEBRUARY 24, 1948 
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KARNES COUNTY, TEXAS 


where 
P = Reservoir pressure, lb psi 
K = Permeability 
Water 


Apparent compressibility, cu ft/cu ft/lb) sq ft 


eu ft) day/sq ft/lb /sq ft ft 


viscosity, centipoises 


= Porosity, fractional 


diffusivity 
fective 


Thickness of producing formation, ft 


radius of reservoir, ft 


Fraction of perimeter through which water can 
enter 

@ Time, days 

Z = Cumulative water influx, bbl 


above equation can be simplified by lettine 


the final equation becomes 


Ae, 
Z lolecHeR f (P Pidk 
Ke 


The procedure used in the calculations was to solve the 
volumetric balance at each of the survey dates over the life 
of the field to determine the total water influx. These data 
then the state equation and 
various values were assumed for o* R® until a more or 
constant value was found for the term 16] H involving 
the physical constants of the reservoir. An assumed value of 


were substituted in unsteady 


less 


R® equal to .0] gave the best series of values for the physi- 
cal constant which varied a maximum of four per cent from 
the arithmetic average six 


over pressure surveys 


With the above assigned values, the unsteady state equation 
for the 
various rates of oil and 


ind volumetric balance were solved simultaneously 
prediction of reservoir pressures at 
water withdrawals and water injection. The results of these 
calculations are shown in Fig. 9. By this method it was calcu- 
lated that a reservoir pressure of approximately 2,400 psi 
could be maintained at a fluid production rate of 2,000 B/D 
with the injection of 1.500 B/D of water. In a similar manner 
it was caleulated that the reservoir pressure would have de- 
clined to 2.077 psi by January 1. 1949, in the absence of pres- 
sure maintenance 


Water Injection Facilities 


\ closed, gravity type, saltwater gathering system having a 
total capacity of 7.800 B/D was installed to collect the water 


FALLS CITY FIELD 


FIG 


12 — ISOBARIC MAP, LOWER PAWELEK SAND, APRIL | 
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at a central point for settling and pumping into the injection 
well. The system consists of 8,600 ft of 429-in. O.D. fibre and 
steel lines with steel pipe installed at road and creek crossings. 
Water from the gathering system is discharged into a 500-bbl 
settling tank where the water surface is covered with a 12-in 
blanket of crude oil to prevent exposure to air and light. A 
reciprocating pump, rated at 4.800 B/D at 250 psi pressure 
and equipped with a torsion-tube liquid level speed control, 
picks up the water after it has been measured through a 
recording orifice meter. The water is then delivered through a 
high pressure steel line to the injection well. 


The water injection well (Martinez 5) was completed by 
washing down a previously abandoned dry hole located mid 
way the long axis of the reservoir and between the water level 
and the major fault. Top of the Lower Pawelek sand in the 
well is 18 ft below the original water table. Location of the 
well is particularly advantageous since it is located in the 
area most remote from the natural water drive. The 
completed with 514-in. casing with 40 ft of slotted pipe below 
the cementing assembly which consisted of a solid bottom 
cement whirler float collar and metal petal basket. The total 
initial investment for the gathering system and injection well 
was $21,351 and $17,789, respectively. 


we ll Was 
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Results of Water Injection 

The first water was injected on March 3, 1948, at the rate 
of 500 BD which was increased to 1,800 B/D in June (Fig 
10). Injection well surface pressures ranged from 400 to 600 
lb. The area-weighted pressure measured immediately prior to 
water injection was 2.281 psi (Fig. 10). On July 1, 1948, after 
the injection of 100,000 bbl of water, the pressure had in 
creased 64 lb to 2.345 psi Approximately 213.000 bbl of reser- 
voir fluids had been withdrawn during the same period, As 
may be noted from the pressure-production curve, the net rate 
of withdrawals was maintained at approximately 500 reservoir 
BD and the pressure increased to 2.400 psi as anticipated by 
This withdrawals 
and injection has been maintained as closely as possible up 


e reservoir calculations. relative rate of 
to the present time and the last measured pressure was 2.369 


Ib on April 6, 1950 


Inspection of the isobaric maps (Figs. 11, 12, and 13) gives 
a graphic picture of the change in the pressure pattern result 
ing from the 


injection program. 


It may be noted from the pressure-production curve (Fig 
10) that the increase in saltwater production has been mod 
erate since the start of water injection. One well located 1,140 


FALLS CITY FIELD 


Lower Pawelek 


FIG. 13 — ISOBARIC MAP, LOWER PAWELEK SAND, APRIL 6 
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KARNES COUNTY, TEXAS 


{ft trom the injection well showed an abrupt increase in water 
percentage and was recompleted higher in the same sand. No 
signiheant changes in water production in other wells have 


been recorded. The downward trend in flowing tubing pres 


sures has been arrested and in some wells the tubing pressures 


have been increased as much as 100 psi. 


Because of the limited amount of water which can be used 


in the pressure maintenance program, additional saltwater 


disposal wells in other sands will be necessary to handle all 
Also, in the later stages of depletion 
of the Lower Pawelek reservoir 


of the produced water 
additional injection wells will 
be required to provide the necessary injection capacity and 
toe distribute properly the injected water 
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CORRELATION 


GUY BORDEN, JR. AND MICHAEL 


ABSTRACT 


Laboratory data on bubble 
pressures and reservoir volume factors 
correlated as functions of 
solution calculated gas 
gravity of the pentanes-and-lighter frac- 
tion of the entire fluid, differential res- 
tem- 


point 
have been 


gas-oil ratio, 


idual oil gravity. and reservoir 


peratures 


INTRODUCTION 


Several correlations of crude oil prop- 
erties have appeared in the literature. 

D. L. Katz’ in 1942 presented five 
methods of predicting oil shrinkage 
these being of decreasing accuracy for 
information 


decreasing amounts of 


available. 
M. B. 


correlations of 


1947 published 
three laboratory flash 
vaporization data of California crudes. 
From values of GOR (gas-oil ratio). 
gas gravity. liquid gravity, and tem- 
perature, his correlations will predict 
bubble point formation vol- 
umes of bubble point liquids. and two- 
phase formation volumes. 


Standing’ in 


pressure, 


1949 pre- 
sented From the 
gas-oil ratio, an approximation of res- 


and Brinkley’ in 
correlations. 


Curtis 
several 


ervoir volume factor and barrels of con 
densate recoverable per barrel of reser- 
voir space may be obtained; along with 
liquid gravity and reservoir tempera 
ture, the GOR will allow prediction of 


bubble point pressure. These last cor- 


References given at end of paper 
Manuscript received in 
Petroleum Branch May 29 
sented at the Mid-Continent Joint Meeting in 
Tulsa, Okla., May 12-13, 1956 
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OF BOTTOM 


relations seem to be more qualitative 


than quantitative 


Generally, laboratory bottom hole 


sample tests furnish information on 
solution gas-oil ratios, residual oil grav 
ities, bubble point pressures, viscosities 
of oils 


sionally 


shrinkages, and occa 
Fach of 
data has its own applications and use in 
reservoir engineering calculations. The 
bettom 


liquid 


gravities these 


gas 


particular uses of correlated 


hole 


(1) Providing a basis for obtaining es 


ample data are found in 


of formation crude 
fields bottom 
sampling is impractical or 


sible 


tirmates proper 


hole 


impos 


ties in where 


the time in ob 
taining the desired information. 

Det 
the results 
hole samples to 


problems 


Greatly reducing 


the applicability of 


from 


rmining 
bottom 


field 


various 


particular 


Avoiding, in many cases, the un 
certainties of sainpling by repla 
which 


ing & with an element over 


greater control can be exercised 

Permitting use of preliminary field 
data in applic atron ot production 
bottom hole 
sample can be obtained and ana 
the 


procedures before a 


Ivzed in laboratory 
Serving as a check on data which 
may appear out of line 
Estimating for a particular type 
crude the appropriate equilibrium 
constants — by backward 


from the bubble point pressure 


working 


Estimating original or other past 
histe 
were not sampled in the past 
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ry properties of reservoirs that 


HOLE 


SAMPLE DATA 
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PROCEDURE 


Appheation of the published correla 
tions’ to Stanolind laboratory data in 
dicated that the general scheme pre 
Standing’ could give desir 
if changes were made in 
parameter and The 
correlation curves were drawn with all 


sented by 
able results 
positions scales. 
the variables having consistent grada- 
tions except the temperature increments 
which were drawn in to best fit the data. 


The 


lind laboratory data are defined below 


il) 


variables from available Stane 


Gas-oil Ratio: Gas is liberated at 
temperature by d'fferen- 
rather by a 


reservoir 
tial 
series of flashes, approaching dif 
ferential vaporization) meas- 
ured at atmospheric pressure and 


vaporization (or 
and 


temperature, at which the compres 
sibility factor is assumed to be 
unity. The oil is the residual liquid 
after the 
been reduced to atmospheric. 


has 
For 


the gas-oil ratio both volumes are 


remaining pressure 


corrected to standard conditions of 


14.7 psia and 60°F. 


Gas Gravity: It was decided to ar 
bitrarily divide the hydrocarbons 
of the entire bottom hole sample 
into pentanes-and-lighter and hex 
anes-and-heavier, and use a caleu 
lated gas gravity of the pentanes 
and-lighter for a correlating vari 
able. (Sample calculation is shown 


in Table HL) 


Liquid Gravity: This is the API 
gravity of the residual liquid from 
the differential The 
gravity is ineasured at tem 
perature and corrected to 60°F. 
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(4) Temperature: This is the tempera 
ture at which the differential vapor 
ization and bubble point pressure 
determinations are carried out, and 
is usually the bottom hole (reser 


vor) temperature 


Bubble Point Pressure: This is the 
pressure at which there is a break 
in slope of the pressure-volume 
curve; that iv, the pressure at 
which gas starts to evolve as pres 
“ure is de« reased bubble 
point pressure is at the test tem 


perature 


Reservoir Volume Factor: This is 
the barrels of bubble point oil per 
barrel of residual oil at 60°F and 


atmospheric pressure. Separation 


of gas is by differential vaporiza 


tion at reservoir temperature 


USE OF CORRELATION 
CHARTS 


Prediction ef Bubble Point 
Pressure and Reservoir 
Volume Factor 


FIG. 1 — BUBBLE POINT PRESSURE CORRELATION 


Published data of three samples were 
bused to test the correlations. Table I 
shows the properties of these crudes 
and the comparisons of predicted and 
experimental bubble point pressures 


and reservoir volume factor- 


Example uses of the correlation 


@harts are shown in Figs. | and 


The method of calculating gas 


Hy is shown in Table Il 


Use of Bubble Point Pressure 
Correlation Chart to Predict 
Saturation of Reservoir 


Crude “A™ was sampled at 3,600 
psia and 218°F. The tank oil gravity 
was 27.4 APL Caleulated gravity of 
pentanes-and-lighter is 0.79 


By entering Fig. | at 3.000 psia for 
bubble point pressure and ending up 
with gas-oil ratio, while using the above 
quantities for the variables, a gas-oil 
ratio of 615 cu ft bbl is predicted 
This means that Crude “A” can hold 
in solution approximately 615 eu ft) bbl 
of 79 gravity pentanes-and-lighter gas 
at 3,600 psia and 218° F and be at it- 
bubble point. Comparing 615 with 525 
eu ft bbl shows that the otf is under 
saturated at the sampling conditions 
Extrapolating experimental data on 
Crude “A” shows that 575 cu ft bbl 


could be in’ selution at the sampling 


conditions. Thus, the undersaturation 
of the oil is correctly predicted FIG. 2 — RESERVOIR VOLUME FACTOR CORRELATION 
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T yur 
Table | — Range of Data on Bottom Hole Samples from Which DISCUSSION 
Correlations Were Made 
Company Operating Divisions Accurate predictions of reservoir fluid 
Division | Division 2 Division 3 Division 4 properties are of great importance in 
Min. Max Min. Max Min. Max Min. Max reservoir engineering studies. lt was for 
this purpose that this investigation was 
Bubble Point Pressure : begun and correlations determined 
1187 4650 3551 202 1239 Published  correlations’* aided the 
Reservoir Vol. Factor, 
bbl / bbl* 1.082 1.745 1.054 1.610 1.098 1.678 1.037 1.217 
Gas-Oil Ratio, 
cu ft/bbl* 156 1165 OF 1383 : 1246 «50 318 Laboratory data for correlation pur 
Oil Gravity, “API* 23.8 19.6 29.1 42.6 19.9 24.8 31.5 poses were obtained from bottom hole 
Calculated Gas Grav. sample reports filed at the Stanolind 
(Air = 1) 92 1.30 1.09 Oil and Gas Co. Research Laboratory. 
Reservoir Temp., “F** 126 2: 82 236 122 These data are from samples from the 
*From laboratory differential vaporization company’s wells extending from the 


**Division 2 data dominated the temperature range up to | ision 3, the range 105 12 Gulf Coast to the Rocky Mountains. 
F Division 4, the range 125° to 145° F; and Division ne range from 145°F, uy 


action and suggested the 
forms of the correlations. 


Standing used California oils and gases 


for his correlations’ which may account 


Table U Properties of the Crades for the differences in the correlations. 


Analysis, Mol Fractions Table IV shows the precision of the 

Component Crude “A” Crude “B” Crude “W" correlations with the data from which 

Methane 4404 5345 1573 they were made. 

Ethane 0432 0636 1032 

Propane 0405 0466 0665 

Butanes 0284 O417 

Pentanes O74 7 0297 

Hexanes 0290 

Heavier wll 255 S016 
Crude Crude “W" 


The samples of Table II were chosen 
to show the use of the correlations be- 
cause their data have been published.’ 
The correlations were made from dif- 
ferential vaporization data only. It is 
realized, however, that the usefulness 
of this type of correlation would be 
greatly increased if crude properties 


Flash Differen- Field 


and conditions as determined from flash 
Data tial Data Data 


vaporization and field data might also 
Reservoir Temperature, k 243 145 145 145 be correlated by the same charts. Flash 
Lab. Flash GOR, cu ft, bbl* 7 959 921 vaporization data of Crudes “A” and 
Differential Vaporization GOR 1065 “B” are fairly well correlated by Figs 
Residual Oil Gravity, “API ‘ 12.0 W.3 ‘ ! and 2. The flash and field data of 
Calculated Gas Gravity of C 790 B86 B86 ‘ Crude “W” are not as well fitted to the 
Experimental Bubble Pt Pr, psia 3305 7 2952 2952 ode correlations as are the differential va 
Correlated Bubble Pt Pr, psia (Fig. 1) 5260 2 2 2960 7. porization data, 
Experimental Res Vol Fae, bbl bbl 1.305 1.550 
Correlated Res Vol Fac (Fig. 2) ? 1.541 Normally, flash vaporization — will 
Differences: BPP psi : 5 8 show greater gas release than differen 
RVF bbl bbl 060 009 97 tial if both are conducted at the same 


Per Cent Difference: BPP 39 temperature. The reason for the lower 


RVE 1 3.7 6 gas-oil ratio in Crude “W.” Table HL, is 


because the flash was conducted in two 
*Standard conditions for volume are 14 
stages and the second stage temperature 


was 60°F. which allowed less gas evo- 
Table HL — Calculation for Gas Gravity of Pentanes-and-Lighter lution than the higher temperature. 
(Crude “A” These differences in the types of vapor 

Component Mol Fraction Molecular Weight MolkFrxM W ization and the temperatures will neces 
oa ee 1404 16.04 7064 sitate judgment in the use of flash data 
Ethane 0432 30.07 1.299 
Propane 0405 14.09 1.786 The use of these correlations with 
Butanes 0284 12 1.651 field data may be hazardous, inasmuch 
Pentanes O74 72.15 5 ts laboratory data were used to develop 


with the presented correlations. 


the charts. However, a rough estimate of 

SUMS 5699 +s bubble point pressure and relative vol 
ume factor using field data with these 

Molecular weight © correlations may be of some usefulness 


Molecular weight of air 2 It was found that the geographical 
29.9] location of the Stanolind wells sampled 
Gas Gravity © 


% made little difference in the prediction 


of bubble point pressures and reservoir 
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T.P. 2931 CORRELATION OF BOTTOM HOLE SAMPLE DATA 


volume factors. Recombination sample» lable lk 

were not well predicted by the correla 

tion for bubble point pressure. Four Bubble Point Correlation. Fig. | 

samples at lower temperatures (95°F lotal Points from Bottom Hole Sample Data 188 

to 127°F) had bubble point pressures fetal Points from Recombination Sample Data 6 

predicted from 12 per cent to 53° per Average Per Cent Prediction High 8.16°, 

cent low; two at higher temperature- Average Per Cent Prediction Low 10.50°, 

(208°F and 230°F), 10.8 per cent and Average Per Cent Prediction Total 1.846, Low 

18.37 per cent high. Per Cent of Data Points Within 10°, of Predicted BPP 65.56 
Differences in reservoir volume fac Per Cent of Data Points Within 15°) of Predicted BPP 84.5° 

tors for samples at bubble point: pres Maximum ‘, Deviation (True Value 1437, Predicted 863) 66.5%, 


sures and at pressures higher than the Maximum psia Deviation (True Value 3760. Predicted 4600) 840 psia 
Division Potal Sample- Within 15°, Predicted 


bubble point are due to the liquid com 
pressibility. Compressibilities range Division | 77 
from 5x 10° to 18x 10° bbl) bbl) psi Division 2 81 
for Stanolind samples with most falling Division 3 19 
in the 7x 10° to 11x 10° bbl bbl) psi Division 4 17 
limits. Therefore. the reservoir volume No. of Samples with Predicted BPP More than 200 psi High 
factor will decrease by approximately No. of Samples with Predicted BPP More than 200 psi Low 


0.001 for every hundred psi above the 
Reservoir Volume Factor Correlation, Fig. 2 


fotal Points from Bottom Hele Sample Data 


fotal Points from Reeombination Sample Data 


CONCLUSIONS Average Total Deviation 1.0, 


Per Cent of Points within 2.6°, of Predicted Value 95.5° 


bubble point pressure 


Average Deviation High (bbl bbl) OS 

Figs. | and 2 will permit estimation Average Deviation Low (bbl/bbl) O14 
of bubble point pressures and reservoir Maximum ‘, Deviation (True Value 1.445, Predicted 1.605) 10°, 
volume factors from laboratory solution Maximum Deviation bbl bbl (True Value 1.445. Predicted 1.605) .160 
gas-oil ratios, caleulated specific gravi 


ties of the pentanes-and-lighter fraction 
of the entire fluid, residual oil gravities. REFERENCES Behavior of Naturally Occurring Hy 
and reservoir temperatures. It should drocarbon Systems.” API Drill. and 
be possible, in many instances, to deter 1. A. B. Cook. E. J. Dewees and H. M Prod. Prac.. (1941) 326-340 
mine if a reservoir is saturated or un Harris: “Bureau of Mines Analvysi- D. L. Katz: “Prediction of Shrinkage 
dersaturated of Subsurface Oil Samples” Petro of Crude Oils” API Drill. and Prod 
leum Engineer, (May, 1945) 85 Prac., (1942) 137-147 
2, R. C. Curtis and T. W. Brinkley ». B. H. Sage and H. Reamer: Trans 
ACKNOWLEDGMENT “Caleulation of Natural Condensate AIME. (1941) 170, 179 
Recovery.” Presented APL Div. of M. B. Standing: “A Pressure-Vol 
The authors wish to express their Prod.. Tulsa, Okla. Mareh 23-25 ume- Temperature Correlation — for 
appreciation to the management of the 1949. Mixtures of California Oil and 
Stanolind Oil and Gas Co. for permis $ €. R. Dodson and M. B. Standing Gases.” API Drill. and Prod. Prac 


sion te present and publish this paper “Prediction of Volumetric and Phase (1947) 275-287 * ££ 8 
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THE EFFECT OF PERMEABILITY STRATIFICATION 
IN COMPLETE WATER-DRIVE SYSTEMS 


MORRIS MUSKAT, GULF Oll CORP., PITTSBURGH, PA.. MEMBER AIME 


ABSTRACT 


theory is presented for calculating the performance 
tory of complete water-drive systems producing from idealized 
stratified formations. The general equations are applied to 
systems where the permeability stratification is either of the 
exponential or linear type. Calculations were carried through 
for different degrees of permeability stratification, but with 
special emphasis on the effect of the mobility ratio 
the produced oil and the invading water on the resultant 
performance. These results are also expressed graphically as 
curves for the initial water breakthrough recovery, for the 
different degrees of stratificatien, as a funetion of the mobil 


between 


ity ratio, and of the composition of the produced fluid stream 
as a function of the cumulative oil recovery. For several typi 
cal cases the latter has also been plotted as a function of the 
cumulative oil and water throughflow. The general result is 
that when the mobility of the oil is lower than that of the 
invading water the channelling tendency resulting from the 
permeability stratification becomes aggravated as the higher 
permeability flooded Situations of this 
type would obtain when producing low gravity or highly 
viscous oils. Conversely, if the mobility of the oil is high com- 
pared to that of the invading water, the flooding of the high 
permeability zones will lead to a retarding and choking effect 
and the gross bypassing phenomena will be partially sup 
pressed. These conditions would correspond to those of flood 
ing high gravity or low viscosity oils. A discussion is given 
of the various basic assumptions made in the analysis, includ 
ing that of ignoring the stripping phase of the production 
history as implied by relative permeability concepts 


zones become out. 


INTRODUCTION 


The physical ultimate recoveries from oil reservoirs are 
basically determined and limited by the physical oil displace 
ment processes associated with the reserveir producing mech 
anism. In practice, however, the economic ultimate recoveries 
are further limited by the mobility of the reservoir fluids and 
the uniformity and continuity of the producing formation. In 
fact, it is the differential depletion between the component 
parts of the composite reservoir which ultimately determines 
the total recovery at the time of field abandonment. While this 
observation applies to both the solution gas drive and gravity 
drainage mechanisms, in which use is made only of the energy 
contained within the original oil-bearing reservoir, is of 
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even more paramount importance under operations wherein 
the energy associated with extraneous fluids provides the 
ultimate oil expulsion mechanism. Whether the invading fluid 
is the water from an edgewater drive, water injected for pres- 
sure maintenance, gas injected for pressure maintenance, or 
gas returned to the formation in a cycling program, it is often 
the continuity and uniformity of the producing section which 
will control the economic efficiency of the operations. 

The importance of the problem of reservoir non-uniformity 
does not, of course, lessen its complexity or the difficulties 
of its solution. In fact, these are inherently such that the con- 
“veneral” solution is virtually meaningless. About 
all that can be reasonably hoped for is the analysis of specific 


cept of a 


and well-defined types of non-uniformity which may give some 
degree of approximation to actual reservoir conditions, Since 
variations in the nature of the reservoir which depend only 
on the position along the streamlines will not lead directly 
to major differential depletion development within the reser- 
voir, the non-uniformity considered thus far have 
stratification assumptions, That is, the producing 
section has been replaced by a multi-layer “sandwich,” each 
uniform areally, and differing 
basic 

ability 


types of 
involved 


from the others only in its 
physical constants as to thickness, porosity and perme- 

The fluid motion in the composite system is thus 
approximated by a parallel superposition of the independent 
fluid movements in the individual strata. 

For the specific application to cycling operations the theory 
of the effect of permeability stratification has been developed 
for both discontinuous’ and continuous types of permeability 
stratification. Among the latter, treatments have been given of 
systems in which permeability distributions are governed by 
exponential probability 


functions. In all these 


studies complete dynamical equivalence was assumed between 


linear’ or 


the injected dry gas and the displaced wet gas. The overall 
effective permeability of each stratum was therefore consid 
ered as constant and independent of the degree of invasion 


fluid 

In the case of the displacement of oil by water, the assump 
tion of dynamical equivalence between the water and oil will 
be strietly valid 


of the injected 


only by accident. Even if the oil viscosity 
should be the same as that of the water, the effective perme 
ability to the oil in the presence of the connate water will in 
general be quite different from that of the water behind the 
water-oil interface flowing past the trapped residual oil. As a 
result the effective permeability for the stratum as a whole 
and rate of will change with time as the 
The differential fluid motion in the indi- 
vidual strata will thus also vary with time. Qualitatively, it 
effects. If the permeability 
to viscosity ratio of the invading fluid exceeds that of the fluid 
displaced, the stratification and bypassing effect of the perme- 
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water invasion 


intrusion continues 


is easy to predict the resultant 
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ability variation itself will be accentuated. Conversely, if the 
permeability to viscosity ratio of the invading fluid is les 
than that of the fluid displaced, the rate of fluid advance in 
the more permeable strata will become increasingly retarded 
as the invasion continues, and the channelling tendency will 
be reduced. It is the quantitative aspects of these phenomena 
which require detailed analytical treatment and will be the 
subject of the following sections 


GENERAL THEORY 


A little consideration will show that even for a single uni 
form stratum the history of the fluid motion when the invading 
and displaced fluids are not dynamically identical will be 
extremely difficult to determine. In fact, thus far only the 
cases of simplest geometry, namely linear, radial and spherical, 
have been quantitatively treated.’ General well pattern effects 
are necessarily ignored in such simplified approximations 
and the produced fluid is assumed to change suddenly and 
completely to the invading fluid when the latter first reaches 
the producing wells. The effect of incomplete pattern sweep 
efhciency has been taken into account in the study of cycling 
operations in formations with exponential permeability dis 
tributions.” It formally general 
theory of the composition history of the production from strat: 
hed formations even when the invading and displaced fluids 
are not assumed to be dynamically equivalent. From a prac 
tical standpoint, however 
intractable. 


ean also be included in a 


the resulting analysis is virtually 


The only theoretical treatment thus far reported on the 
recovery of oil by invading water in undepleted stratified 
without the differences in mobility be 
tween the oil and water is that of Dykstra and Parsons.’ A 
discrete layer analysis was used in this study, and a prob 
ability permeability simulated by proper 
choices of the individual permeabilities of a 50-layer subdi 
vision of the composite section 


formations ignoring 


distribution was 
In this paper will be given 
the general formulation of the problem for continuous per 
meability distributions, and this will be applied specifically 
to the exponential and linear distributions 


If it is assumed that the permeability-saturation character 
istics of all the strata in the composite section are the same 


and that the residual oil saturations behind the water-oil 
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FIG. 1 — THE VARIATION OF THE INITIAL BREAKTHROUGH RECOVERY 
IN EXPONENTIALLY STRATIFIED SYSTEMS WITH THE MOBILITY RATIO 
OF THE INVADING AND DISPLACED FLUIDS. Qih FRACTION OF 
TOTAL DISPLACEABLE OIL RECOVERED AT THE TIME OF INITIAL 


BREAKTHROUGH, (MOBILITY OF DISPLACED OjL)/(MOBILITY 
OF INVADING WATER), + STRATIFICATION RATIO OF ASSUMED 
EXPONENTIAL PERMEABILITY DISTRIBUTION 
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4 


to Minenum Breakthrough Recoveries 


a 


x 
FIG. 2 THE VARIATION OF THE RATIO OF MAXIMUM TO MINIMUM 
WATER BREAKTHROUGH RECOVERIES IN EXPONENTIALLY STRATIFIED 


MEDIA WITH THE STRATIFICATION RATIO, +, FOR THE LIMITS OF INFI 
NITE AND VANISHING MOBILITY RATIOS 


interfaces are the same, as well as the oil saturations in the 


uninvaded areas,* the rate of water invasion or oil production 
in reservoir volume, for any unit thickness lamina at depth : 


of homogeneous permeability 4, will be expressible as 


O(t,z) =k F(ke) 


where the function F/ At 
ing fluid invasion on the overall resultant permeability, and 
the factor A 


lamina 


expresses the effect of the displac 


accounts for the absolute permeability of the 
The cumulative throughflow to the time ¢ will then be 


Fikt) dt 


Initial water when the total 


throughflow equals the volume of clean recoverable oil in the 


breakthrough will develop 


lamina, i.e., when 


Wit, iS} Fike) de 


where A is the initial oil productive area, 5 the areal sweep 


efficiency, and f the net displacement porosity, i.e.. the prod 


uct of the porosity and the increase in local water saturation 


in the water invaded area or decrease in oil saturation. Since 


by Equation (3), ASf is evidently a function only of Ar, it 


may be formally inverted <o as to give 


where © is the inverse of the integral of Equation (3) 
tion (4) 


hreakthrough 


Equa 


shows that the breakthrough times will in general 


be inversely proportional to A, as in the case of cycling oper 


ations where the differences between the invading and dis 


placed fluids are neglected 


The cumulative recovery from the whole section of thicknes- 


analysis 
taken a 
become 


icated in Equatien (1 as the basic ele 
the role played by a potentially 
k to the viae 


mity which is ac 


the tant 
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H, at a time ¢ befere breakthrough. will then be. as a fraction 
of the recoverable oil in the reservoir, 
t H 
Ort) kdz Jf Fiktjdt/A | fdz 


and that at initial water breakthrough will be: 


H kt 
Olt.) = dz 


H 
Firjdr/A 


fdz io) 


where f, is the breakthrough time in the highest permeability 
layer, as defined by Equation (4) for k = k(z =H). It is 
assumed in Equations (5) and (6), and in all the subsequent 
analyses, that the various permeability strata have been rear 
ranged in increasing sequence from z = 0 to z = H 


After the first water breakthrough in any individual stratum 
there will be a gradual rise in water-oil ratio as the initial 
water cusps expand and ultimately completely envelop the 
producing wells. The history of this latter phase of the oil 
production will evidently depend on the well pattern. field 
geometry, and relative producing rates of the wells. While 
its effect could be formally introduced into the general theory, 
there is little point in such a generalization, since the assumed 
functional form for this phase of the history would neces 
sarily have to be quite specific and arbitrary and would not 
warrant the additional laborious computations required for 
Accordingly. it will be 
hereafter that the production in any layer is converted to 
100 per cent water as soon as there is any breakthrough at 


its numerical evaluation. assumed 


all.* This is equivalent to setting the pattern sweep efficiency 
S =] in Equation (3), ete. 

Proceeding to the period after breakthrough in the most 
permeable layer, ie.. for ¢ > ¢,, the fractional oil content ir 
the total fluid production will then be: 


ki zp Fktjd:z 


hi i ktjdz 


*This simp ification involves the further assumption that there is no 
or stripping of the residua) oil behind the advancing 


This will be further discussed later 


ent Reservoir Oil in Well Stream 
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FIG. 3 — THE VARIATION OF THE OIL CONTENT IN THE PRODUCTION 
FROM EXPONENTIALLY STRATIFIED WATER-DRIVE RESERVOIRS WITH 
THE CUMULATIVE RECOVERY, FOR m= 0.1; Q@ = CUMULATIVE RE 
COVERY, AS A FRACTION OF THE TOTAL RESERVOIR DISPLACEABLE 


RECOVERY. + STRATIFICATION RATIO, m (MOBILITY OF DISPLACED 
OIL) (MOBILITY OF INVADING WATER 
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FIG. 4— THE VARIATION OF THE OIL CONTENT IN THE PRODUCTION 
FROM EXPONENTIALLY STRATIFIED WATER-DRIVE RESERVOIRS WITH THE 
CUMULATIVE RECOVERY, FOR m 1; @ CUMULATIVE RECOVERY, 
AS A FRACTION OF THE TOTAL RESERVOIR DISPLACEABLE RECOVERY 
f STRATIFICATION RATIO; m — (MOBILITY OF DISPLACED Olt) /(MO 

BILITY OF INVADING WATER) 


where is determined by the condition 


t 
ind represents the depth to which breakthrough has already 
occurred 
The cumulative oil production as a fraction of the total 
recoverable oil in the reservoir will then be: 
H 
Ort) td: Feke)dt]/A  fdz 
(9) 
If the permeability included in the net productive section 
has a non-vanishing lower limit, the production phase gov- 
erned by Equations (7) and (8) will terminate after break- 
through in the tightest laver. as determined by Equation (4) 
Under the assumption of 100 per cent pattern efficiency, i.e.. 
S = /. this will necessarily terminate the whole oil production 
history. although in practice a limiting value of R. will gen 
erally control the state of abandonment 


The Function F for Linear Flow 

As a practical matter drastic simplifications must be made 
in applying, the general equations developed above. As a first 
step a functional form must be derived for the function F. 
For this purpose the case of an ideal linear system will be 
assumed done by Dykstra and Parsons,’ since 
anything more complex which might be of practical signifi- 
cance would be virtually intractable from a strictly analytical 
standpoint. 


here as was 


It may be shown that the rate of throughflow per unit cross 
section at any time ¢ in a linear system in which a liquid (w) 
is displacing another (o), may be expressed as: 


m,fal /2 Ap 


(10)* 


*Kquation (10) can be derived by applying the analysis given in “Flow 
f Homogeneou Fluids Through Porous Media,” $8.3, for two-fluid 
inear encroachment systeme 
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FIG. 5 — THE VARIATION OF THE OlL CONTENT IN THE PRODUCTION 


FROM EXPONENTIALLY STRATIFIED WATER-DRIVE RESERVOIRS WITH THE 


CUMULATIVE RECOVERY, FOR m 10; Q CUMULATIVE RECOVERY 
4S A FRACTION OF THE TOTAL RESERVOIR DISPLACEABLE RECOVERY 


' STRATIFICATION RATIO; m MOBILITY OF DISPLACED OL) MO 
BILITY OF INVADING WATER 


where m,, m, are the “mobilities” for the displacing and dis 
placed fluids, 


driving 


the total length of the system, Ap is the 


pressure differential, which is assumed to be con 


stant.” and f is the net displacement porosity. The mobility 
is defined as the ratio of the effective permeability to the vis- 
cosity, By reference to Equation (1) it follows that the fun 


ftien F is given by 


fal. 2u, 
Fike) 
Vl 
The cumulative throughflow per unit cross section to the 
time ¢ will be, on integrating Equation (10) 
il 
The time for breakthrough is obtained by setting Orr 
equal te (1, and is found to be 
l + Wi 
(13) 
am. 


To proceed further it is necessary to specify the nature of 
k or m,. distribution.** Here 


make, as a matter of practical necessity, a further simplifi 


the permeability too, one must 
cation in considering that the mobilitv ratio ni is a constant 
to the 
the exponential and linear 


independent of the absolute permeability. As 
ability 
distributions will be analyzed in detail 


perme 


distributions themselves 


ixhout this work that at al 


rresponding to a ¢ 


assumed thre 
bubble point 
drive operation of an undersaturated 


is also tacitly 
Pressures are above the 


reservoir 


**U'nder the assumption that the reiative permeabilities both ahead a 
behind the water«il interfaces are ir h is fl 
permealulities, the distributions of th om by fom (14) 
or (21). will apply also to the effecti menabilities and mobilities which 


er directly in the analysis 
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EXPONENTIAL PERMEABILITY 
DISTRIBUTION 


As in the case of the previous’ study of cycling operations 
the will be 
taken in the form 
is the minimum permeability, at z = 0, rh,.,, is 
the maximum permeability at z = H, H is the net thickness 
of the strata 


are considered to be 


exponential permeability distribution 


where A 


various 
rearranged in a sequence 
increasing with depth. The parameter r defines the particular 
exponential distribution of interest, and will be termed the 
It will also be assumed that there is no 
cross flow between the strata, which will not be strictly true 
that the net 


indicated, the 
monotonn 


section and, as already 


stratiheation ratio 


inless the vertical permeability is zero, and 


displacement porosity f is independent of &. which also will 
represent an approximation assumption, 

Under these assumptions the total throughflow from the 
whole section at a time ¢ before any breakthrough has devel 
oped, as a fraction of the total recoverable oil, will then be 
given essentially by integrating Equation (12). as: 


H 
Ort) 
| 
2 
V 1-(1-WF t/t.-1 V 
log + log 
(15 
where ~ the time of initial breakthrough. as given by 
(lo) 
ar omy 
corresponding to 
3} 
} LY - 
4 
6} 
4 
A Me Lat 
FIG. 6 THE VARIATION OF THE CUMULATIVE RECOVERY, Q, IN EX 


PONENTIALLY STRATIFIED WATER DRIVE RESERVOIRS WITH THE MO 


BILITY RATIO m, TO FIXED VALUES OF THE WATER-OlL RATIO R. 


AND FOR FIXED VALUES OF THE STRATIFICATION RATIO r. @ 
CUMULATIVE RECOVERY AS A FRACTION OF THE TOTAL RESERVOIR 
DISPLACEABLE RECOVERY. m MOBILITY OF DISPLACED OIL) (MOBIL 
ITY OF INVADING WATER). 
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At this time Q will have the value: 


= 


1 l-(1 


log — + — log V 


After the initial breakthrough the cumulative traci) 
recevery will be. on applying Equations (10) and (1¢) 
Equation (9): 


Qt) 1 


(l-mjb i (l-mib 
im 
les 


77) 


where z, is the value of z above which there has been water 
breakthrough at the time ¢, and f= t,. The water-oil ratio 
will be: 


j(t-1) 


H 


It will be readily verified that for m = /], as may be assumed 
for the case of eveling operations, Equations (17)-(19) re 


duce to: 


FIG. 7 — THE CUMULATIVE OIL RECOVERY HISTORY VS. THE TOTAL 
FRACTIONAL CUMULATIVE WATER AND OjL THROUGHFLOW IN EX 
PONENTIALLY STRATIFIED WATER-DRIVE RESERVOIRS FOR DIFFERENT 


VALUES OF THE MOBILITY RATIO, m = (MOBILITY OF DISPLACED 
OIL) (MOBILITY OF INVADING WATER) IN ALL CASES THE STRATIFI 
CATION RATIO 20 
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TATION OF THE INITIAL BREAKTHROUGH RECOVERY 
Ll NEARLY RATIFIED 5Y° EMS WITH THE MOBILITY RATIO OF THE 
AND DISPLACED FLUIDS. FRACTION OF TOTAL 
isPLACEABLE O1 OVERED AT TIME OF INITIAL BREAKTHROUGH, 
MOBILITY OF DISPLACED (MCBILITY OF INVADING 
WATER); « STRATIFICATION RATIO OF ASSUMED LINEAR PERME 
ABILITY DISTRIBUTION 


Ou the other hand, in the limit of mx, in which the in 
vading fluid (water, m,) has a negligible mobility as compared 
tw that displaced (oil, mo). Equations (17)-(19) reduce to 


(21) 


And in the converse limit of m— 0, where the resistance to 
the invading fluid is negligible as compared to that displaced 
the water-oil ratio will rise precipitously to infinite values 
immediately after initial breakthrough, and the total frac 


tional recovery Q will be essentially that at 4, as given by 
Equation (17) for m= 0 

The values of the fractional flooding recovery at the time of 
first water breakthrough, Q/r,). as given by Equation (17) 
ire plotted vs. the mobility ratio mi in Fig. 1 for fixed values 
of stratification ratio r. As previously anticipated, for Ti</, 
i.e. when the mobility of the displacing fluid (water) exceed- 
that of the fluid displaced (oil) the bypassing tendency is 
accentuated and the breakthrough recovery is reduced. Con 
versely, when the mobility of the displacing fluid is lower than 
that displaced. Wi >/, the continued entry of the former in the 
higher permeability strata will automatically retard itself and 


wthe breakthrough recovery will be increased. These effects 


increase with increasing stratification ratios r. The ratie of 
maximum breakthrough recovery. for 77 x. to the minimum 
at 7 = 0, is plotted vs. r in Fig. 2. The total maximum range 
of the effect of the mobility contrast is 3.26, for 1 a. 
Because of the rapid buildup of the water production after 
initial breakthrough, especially for it is difficult to 
devise a satisfactory graphical representation of this later 
phase of the production history in terms of the water-oil 
ratio R,. It has been found preferable to use as an index the 


percentage of oil in the composite fluid stream, in reservor 


measure. This quantity, denoted by R,, will be given simply 
by 2 (1 + R.), and is plotted vs. the cumulative fractional 
displaceable oil recovery, for fixed values of stratification ratio 


r and several values of mobility ratio 77 in Figs, 3-5, 
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The starting points of the curves of these figures represent 
the initial breakthrough recoveries. The general shifts of the 
curves, for mixed Wf, to the right as r decreases, are of course 
to be expected apriori. It is of interest to note, however, 
that whereas for 77</, Fig. 3, the systems with lowest break 
through recoveries values of r. have the steepest 
initial rates of fall in oil content of the flow stream, the con 


Moreover, whereas for 


greatest 


verse is true for 7 >/, Fig. 5 
the curves tend to be initially concave upward, they ultimately 
develop steep slopes, for all mobility ratios m, as the oil con 
tent of the flow stream becomes small and complete flooding 
develops throughout the reservoir. 

Figs. 3-5 show that the differences in ultimate oil recoveries 
for reservoirs with different and fluid 
teristics will be considerably lower if the operations are con 


stratification charac 
tinued to low oil contents than at initial water breakthrough 
Thus, for Wi 
the well stream will be only 
than for + 100. 
r 2 will be 3.7 times as great as for r 


0.1 the recovery at one per cent oil content in 
1) per cent greater for r 2 
breakthrough recovery for 
100. For 77 10 


2 will exceed 


whereas the 


the recovery at one per cent oil content for r 

that for r 100 by only about two per cent. as compared to 
Pa ratio of 2.4 at initial breakthrough. Similarly for r fixed at 
10 and 0.1 are in the 
whereas the recoveries at one per cent oil content 


1.06 


20, the breakthrough recoveries for 77 
ratio of 2.2. 
are in the ratio of only 

The variation of the recoveries to fixed water-oil ratio, KR, 
with the value of 77. for several values of r. is plotted in Fig 
6. Here again will be seen the effect of increasing mobility 
ratio 7 in improving the resultant recoveries. [t will be noted 
too, that the more sensitive to 77 in the range 
reflect the 
limiting water-oil ratios to which the production is continued 


recoveries are 
The gross comparative positions of the 
reservoir stratification and the 


curves degree of 


The oil recovery vs. total throughflow or production history 
can be calculated from the relation (valid for |] © tf <r) 


Vit) Q(t) 


Where is the cumulative total liquid production, res 


ervoir volume, expressed in units of the total displaceable 


Peservoir liquid content. Girt) is the cumulative fractional oil 
recovery given by Equation (18). A typical set of production 
history caleulated by (18) are 


these plotted in Fig. 7 for a stratification ratio r = 20. The 


curves Equations (22) and 
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FIG. 9 — THE VARIATION OF THE RATIO OF MAXIMUM TO MINIMUM 
WATER BREAKTHROUGH RECOVERIES IN LINEARLY STRATIFIED MEDIA 
WITH THE STRATIFICATION RATIO -. FOR THE LIMITS OF INFINITE 
AND VANISHING MOBILITY RATIOS 
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FIG. 10 — THE VARIATION OF THE OIL CONTENT IN THE PRODUCTION 
FROM LINEARLY STRATIFIED WATER DRIVE RESERVOIRS WITH THE 
CUMULATIVE RECOVERY, FOR m 0.1; Q CUMULATIVE RECOVERY, 
AS A FRACTION OF THE TOTAL RESERVOIR DISPLACEABLE RECOVERY 
t STRATIFICATION RATIO; m MOBILITY OF DISPLACED OIL)/(MO 
BILITY OF INVADING WATER) 


ratio 7 is strikingly shown by 
cumulative throughfiew, for 


at high values of the 


effect of the mobility here 


comparative values of the 
equ il total recoveries, and es per ially 
latter. Thus, at a total fractional recovery of 35 per cent the 
total fractional throughflow would be 0.35, 0.36, and 0.55 for 
10. 1, Ol: at 
0.51. 0.57 


1 recovery of 50 per cent these would be 


ind 1.5 respectively ; and for 80 per cent cumula 
tive recovery the corresponding fractional throughflows or total 
would be 1.06, 1.68 and 8.0 for 


reservoir fluid production 


Wi 10. | and 0.1 respectively 


LINEAR PERMEABILITY DISTRIBUTION 


defined by 
[1+ (r—1)z/H (23) 
stratification ratio r is the ratio of the 
H, to the minimum & 
break 
a fraction of the total recoverable 


(15) 


The linear permeability distribution may be 


where here. too, the 
maximum permeability » 2 


at ) The total throughflow at a time ¢ before 


threugh has developed, as 


oil, will be 


inalogous to Equation 


(1 


ecovery at first water breakthrough, 
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FIG. 11 — THE VARIATION OF THE OIL CONTENT IN THE PRODUCTION 
FROM LINEARLY STRATIFIED WATER DRIVE RESERVOIRS WITH THE 


CUMULATIVE RECOVERY, FOR m = 1; @ = CUMULATIVE RECOVERY, 
AS A FRACTION OF THE TOTAL RESERVOIR DISPLACEABLE RECOVERY 


r == STRATIFICATION RATIO; m = (MOBILITY OF DISPLACED O1L)//MO 
BILITY OF INVADING WATER) 


After the initial water breakthrough. 7 I. the cumulative 
recovery will he: 


m (r/t—1) 2r/t 


26) 


where z, is the value of z above which there has been water 
breakthrough. It will be noted that at 7 = /, Equation (26) 
becomes equivalent to Equation (25). And at the time of 
breakthrough in the tightest layer, f= 7. Q becomes unity 
as it should under the assumed conditions. 

The water-oil ratio during this period is given by 


< = (2+ (1-7 V1 l-nf 
Oo tm r 


| (27) 


In the limit of mi I, corresponding to eveling operations. 

R. reduces, as it should. to: 

It will be noted. too, that at ¢ = 1. R, = 

comes indefinitely large as f approaches + 

The total reservoir fluid throughflow. in units of the total 

displaceable reservoir content volume. may be shown to be 


0. and that it be 


given by: 


Throughflow = Off): 


r(l + Wt) 
7 


The variation of the initial breakthrough recoveries with 
the mobility ratio m. as given by Equation (25). for fixed 


values of r is plotted in Fig. 8. The general shapes of these 
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curves, reflecting the eflect of the mobility ratio on the break 
through recovery, is similar to that shown in Fig. 1 for the 
exponential permeability distribution. As a whole the curves 
of Fig. 8 lie higher than those of Fig. 1, showing that for 
the same stratification constant and mobility parameter the 
linear permeability distribution represents a type of reservoir 
non-uniformity which is not as serious as the exponential dis 
tribution. This is further indicated by the closer grouping of 
the curves of Fig. 8 than the corresponding ones for Fig. 1, 
which again shows that the effects of the permeability varia 
tion will be much more limited when distributed linearly than 
when it varies exponentially. In fact, whereas the break 
through and subsequent recoveries become vanishingly small 
as r approaches infinity for the exponential distribution, the 
breakthrough recovery approaches the non-vanishing limit 
(2m+1)/3(1+7%) as r becomes infinitely large in the linear 
permeability distribution 

The gross overall effect of the mobility ratio in the linearly 
stratified formations. as expressed by the ratio of the maxi 
mum to minimum water breakthrough recoveries, is plotted vs 
the stratification ratio r in Fig. 9. These represent the ratios 


Ort.) for Ti x to that for 77 = 0. The curve of Fig. 9 is 
of the same general shape as that of Fig. 2 for the exponen 
tially stratified system, except that the maximum asymptotic 
limit has here the value 2.0. as compared to 3.26 in Fig. 2. 
This once more reflects the smaller total effect of permeability 
non-uniformity when distributed according to a linear strati 
fication as compared to that when it follows an exponential 
distribution. 

The resultant production histories after first water break 
through in the linearly stratified systems are plotted in Figs 
10-12. Here, as in the case of the exponential distributions, 
the ordinates represent the per cent reservoir oil in the com 
posite well stream, and the abscissas are the cumulative frac 
tional oil recoveries. The uppermost points of the various 
curves give the breakthrough recoveries. The general charac 
teristics of this set of curves are similar to those for the expo 
nential distributions plotted in Figs. 3 to 5. Once again the 
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FIG. 12 — THE VARIATION OF THE OIL CONTENT IN THE PRODUCTION 
FROM LINEARLY STRATIFIED WATER-DRIVE RESERVOIRS WITH THE 
CUMULATIVE RECOVERY, FOR m= 10; Q CUMULATIVE RECOVERY, 
AS A FRACTION OF THE TOTAL RESERVOIR DISPLACEABLE RECOVERY 
r STRATIFICATION RATIO; m MOBILITY OF DISPLACED OIL)/(MO 
BILITY OF INVADING WATER 
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more limited effects of the differential mobility in the linearly 
stratified system are exhibited by the closer grouping of the 
eurves for different stratification constants and their general 
shift 


former reason that in Figs 


recoveries, lt is for the 


20 have 


toward the region of higher 
10-12 the curves for 7 
small between the 


It will be noted, too 


because of the 
10 and + 100 


heen omitted separation 


curves for on com 
parison of the corresponding figures for the linearly and ex 
that group the 


those for 


ponentially stratihed systems while as a 
curves for the former are shifted toward the right 
the same values of 7 for the two types of stratification ult: 
so as to result in somewhat lower cumulative oil 


stratifed 


mately cross 


very low oil contents in the linearly 
eflect of the 


igain the same for the linear case as it is for the exponential 


recoveries at 


formations. The general mobility ratio m i 


That is, the curves shift toward increasing recoveries a- 


increased, and they 


case 


m is hecome grouped more closely for 


the different values of the stratification constant. This implic 
that the effect of the permeability variation will be less ser 
®us the higher the value of the mobility ratio m 

The variation of the recoveries to fixed water-oil ratios Ky 
with the mobility ratio m. for the two values of r. is plotted 
in Fig. 13 
Of Fig. 13 and the corresponding ones in Fig. 6 for the expo 
Pential 
@haracter as discussed with respect to the composition histers 


Gurves of Figs. 10-12 


A set of curves 


The similarities and differences between the curves 


distribution are quite apparent, and of the same 


similar to those of big. 7. illustrating the 
Cumulative oil recovery vs. the total reservoir fluid production 
histories is given in Fig. 14 for 20 in the 
ability distribution. The implications of these curves are simi 
fer to those noted with respect to Fig. 7 
Specify discussion 

For the sake of completene 
@ bigs. 6 and 13 for the probability distribution have 
feplotted in Fig. 15 Dykstra and 
The parameter characterizing the probability distribution 1 
the “variation.” J related to the 
deviation ¢ of the 


linear perine 


and need no further 


the results analogous to those 
been 
Parsons 


from graphs ot 


which is standard 


probability distribution by 


}-2 (30 
range the corresponding formation 
change. from one of 
ability. It will be seen that the 


im Fig. 15 are 


between O and | as 


complete uniformity. to infinite: var 


general features of the curve- 
Figs. 6 and 13 


similar te those of although 


the quantitative eflect of the mobility ratio mm seems to be 


somewhat less in the case of the probability distribution thar 


in either of the other distribution 


DISCUSSION 
While the 
ot the 


general features of the implications of the theory 


stratified drive reservoirs have 


that the 


performance of water 


been discussed above. it must be understood 


theory invelves three fundamental assumptions 


These 


sreal ot 


are (1) idealized stratiheation, (2) LOO) per cent 


pattern sweep efheiency, and (3) the absence of 


tripping action behind the water-oil interface. It is virtually 


necessary to make each of these assumptions in order to devel 


op a tractable formulation of the theory. However, it is well 


te understand what their physical tmplieations are and the 


possible effect they may have on the final numeriv al results 
caleulated by the 
idealized 


Its significance 


which are implihed theoretical analysis 


The assumption of stratification will) certainly 


never be satished ino practice lies only in the 


concept that provide a statistical equivalence te the 
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FIG) 13 — THE VARIATION OF THE CUMULATIVE RECOVERY, Q, IN 
LINEARLY STRATIFIED WATER-DRIVE RESERVOIRS WITH THE MOBILITY 


RATIO m,. TO FIXED VALUES OF THE WATER-OlL RATIO R.. AND FOR 


FIXED VALUES OF THE STRATIFICATION RATIO r. © CUMULATIVE 
RECOVERY AS A FRACTION OF THE TOTAL RESERVOIR DISPLACEABLE 


RECOVERY. m MOBILITY OF DISPLACED OIL) (MOBILITY OF INVAD 
ING WATER 


which does obtain in 
valid. at 


where the 


wtual non-uniformity permeability 


the producing formation. Such equivalence may be 


least in an degree. under conditions 


ind displaced fluids have the 


ipproximate 


nvading same mobilities. as i- 


venerally assumed in the case of eveling operations and whiel 
ial case of in the generalized 


state 


represente cdl by the 


ialyvtical theory. The steads pressure and flow distribu 


trot under such conditions may then be represented by a 


teady state type of streamline distribution. which automate 


lly provides a type of stratifeation which ts at least analogeu- 


that assumed in the analvtical treatment The assumption 


vanishing cross-flow. which is an integral part of the ideal 


ized stratification concept. is then alse automatically satis 


fied in the actual steady state streamline svstem. although 


microscopically the resultant streamline stratifeation will in 


ne sense be coincident with the strictly parallel stratification 
sumed in the theory 

when the mobilities of the displaced and invading 
different, the 


continually change as the water invasion proceeds 


However 


fluids are instantaneous steady state representa 
tions will 
ind with such changes will be associated new streamline di- 
tributions. The assumption of vanishing ecress-flow will then 
valid unless by accident the eross-bedding pet 
strictly 
idealized stratiheation can at best repre 


On the other hand, aside 


no longer be 


neabilitv happens to be zero. It is clear, therefore 


oncept ol 


in extreme simplification 


he realistic necessity of making such an assumption in 


to arrive at a tractable analysis. it does have the further 


probably represents the least favorable 


istification that at 
as compared to those 
of the initial 


of permeability non-uniformity 


ch actually occur, from the point of view 


overs That is, the simplified theory should 
mum values of the 
bable that the re 
he inherently less faverable under idealized 


breakthro 
breakthrough recoveries 
after break 


it least 


overy history 
than under actual con 
three 
From this point of view the theory 
least 


stratify on and vanishing cross-flow 


ditions there are beth two and dimensional 


eability 
ding at lower limits for the recovery 


on-uniferm water-drive systems, thus giving 


expectations for the performance of su h 
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reservoirs, Since it is not feasible to treat arbitrary types of 


reservoir non-uniformity, it is felt that means for fixing at 
least the poorest recovery potentialities of the actual reservoir 
systems does represent a constructive contribution to their 


analysis. 

The assumption of perfect areal or pattern sweep efhciency 
will also never be valid in practice. It may be recalled, how 
ever, that in the earlier study of cycling operations in expo 
nentially stratified reservoirs it was found that the effect of 
imperfect areal sweep efhciency was rather minor compared 
to the direct effect of the stratification, except in reservoirs of 
a very high degree of uniformity. It seems likely, therefore 
that in actual producing formations the simplification made 
in assuming perfect areal pattern sweep efficiency will not 
in itself cast serious doubt on the significance of the results 

The final major assumption made in the theory developed 
here lies in assuming that there is no oil stripping in the 
flooded part of the formation and behind the advancing water 
oil interface. This may be expressed by the assumption that 
the permeability to the oil behind the water-oil interface* 
is 0. the 
advance of water in an oil bearing system was analyzed undet 


A theory was developed some time ago’ in which 
the more general assumption that the permeability to the oil 
remained non-vanishing even after passage of the water front 
This led to a separation of the composite well producing hi- 
tery into a primary phase corresponding to the displacement 
of the oil bank ahead of the water-oil interface and a 
sequent subordinate phase giving the history of the continued 
stripping of the oil beind the water-oil front. This latter phase 
is determined primarily by the relative permeabilities and vis 


sub 


cosities to the water and oil behind the water front 

This theory is based on a simple and straightforward ap 
For the 
water-flooding system it leads to an equation for the saturation 


plication of relative permeability concepts linear** 


distribution at any time ¢ which may be expressed a 


Ont dk 
bip 
dp 
*As previously noted, tt has been further assumed that the amount of 
this residual oil is independent of the absolute permeabilit nee satis 
factory data are not available on the re'ationship, if any, | n the 
parameters 
**Ilt may be readily shown that in the similar case {4 radia 
systems, Equation (31) will still apply provided » is replaced by or 
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where Q is the of throughtlow, ¢ the porosity 
F. the water fraction of the local flow-stream, and @/p,) de 


fines the initial saturation distribution. Fy is given explicitly 


constant rate 


by 
ms. 
| (32) 
m, my, 
where m,. m, are the mobilities of the water and oil respec 
tively. While Equation (31) apparently involves no basic 


physical approximations except for the negleet of capillary 
pressure effects, it leads to the curious and physically mean 
that the distribution ahead of the 
initial interface will be multiple-valued.* As noted by Buck 
** this difeulty may be circumvented when 


ingless result saturation 
ley and Leverett 
applying the theory by arbitrarily imposing a sharp single 
front at the advanced interface, 
total increase in water content of the flooded area equal the 


From a physical standpoint 


valued oo requiring that the 
total volume of invading water 
from satisfying to have to resert to such 
the whole 


Moreover, question may be 


however, far 
and the 
still 


raised if the relative permeability concepts, as derived from 


an artifwe fundamental significance of 


procedure remains obscure 


multiphase systems ino which two or more phases are con 


tinually supplied for flow across each internal cross section 
ire inherently applic able te displacement processes occurring 


ut the advancing front of an identifiable wetting phase dis 


placing liquid. Intuitively, at least, it is conceivable that under 


the latter conditions the non-wetting phase would be stripped 


locally to a discontinuous distribution of vanishing perme 


ability as soon as it has been invaded and passed by the 
wetting phase “front. 
Finally. it may be noted that because of the approximate 


unconsolidated sands about the 


and FY’ for 


saturation for maximum slope. when the oil and water vis 


symmetry of F 


cosities are equal, Equation (31) when appliedt to “oil flood 
ing” of a water sand would give essentially the same type of 
invasion history as for water flooding. This. however, is hardls 
to be expected in view of the differential wettability between 
water 


oil and and even though the relative permeabilities 


themselves presumably reflect these wettability differences 

In spite of these theoretical questions regarding the validity 
it has apparently served to give a correla 
tion of The effect of the 
water-oil viscosity ratio on the breakthrough recoveries appear- 


of Equation (31) 


laboratory water-flooding data. 


subject to at least -emi-quantitative deseription by 
Especially in the range of low invading fluid 


the 


to be 
quation 
mobilities, as compared to that of the displaced fluid 
breakthrough recoveries are particularly low, and the corre 
sponding subordinate phas. recoveries become of comparable 
While the permeability stratification theory would 
effects. ts doubtful if 


in these particular experiments permeability non-uniformity 


magnitude 


qualitatively give similar admittedly 


was the controlling factor. If these experimental results and 


the other implications of Equation (31) should be extended 


ind confirmed for other <vstems. it will. of course. be neces 


wuity does not arme when Fis a linear function of px 
monotonically with » In the former case, which implies 
ear ‘ the orizinal water-oil boundary will advance 
thout distortion, and in the latter initial distributions in which p 
onne with w ontinualy become more stretched out 


**Althougwh the inclusiot f the capillary pressure term may formally 
FIG. 14 — THE CUMULATIVE OIL RECOVERY HISTORY VS. THE TOTAL solve this ambiguity, Ge quentiative feature af he 
FRACTIONAL CUMULATIVE WATER AND THROUGHFLOW IN LIN oe mocine 
EARLY STRATIFIED WATER DRIVE RESERVOIRS FOR DIFFERENT VALUES 

recain t veneral orm wi po 

OF THE MOBILITY RATIO, m MOBILITY OF DISPLACED OIL) (MO placed by p iF. I 1-F_. When F_ and Fare not sym 
BILITY OF INVADING WATER) IN ALL CASES THE STRATIFICATION metrical for equal viscosities, it may be possible to make them «ymmetrical 
RATIO = 20 hoosing a suitable viscosity rath 
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sary to accept its basic validity even though it has not been 
fully clarified in all respects 

While these considerations cast doubt on the predominating 
importance of the permeability non-uniformity in controlling 
actual water-drive recoveries, the stratification theory pre 
sented here should give the implications of at least one major 
factor in the recovery processes. If the validity of Equation 
(31) and its underlying concepts should become definitely 
established, it will be appropriate te consider the composite 
effect of these two factors. In principle, it should be possible 
to develop a superposition treatment, analogous to the man 
ner in which the incompleteness of the pattern efficiency was 
incorporated in the theory of eyeling in exponentially strati 
hed media.” While it would be hazardous to predict the 
resultant production histories without’ making quantitative 


calculations, it seems reasonable to anticipate that the com 
posite effect would correspond to surprisingly low break 
through and subsequent recoveries under conditions which 
could oceur in practice. Thus for r = 20 in the exponentially FIG. 15 — THE VARIATION OF THE CUMULATIVE RECOVERY, Q, IN 
Stratified distribution. the breakthrough recovery would be STRATIFIED WATER-DRIVE RESERVOIRS WITH PROBABILITY PERMEABIL 
Only 23 per cent for 7 = 0.2 even for sharp water-oil inter ITY DISTRIBUTIONS, WITH THE MOBILITY RATIO m, TO FIXED VALUES 
faces And in a uniform stratum the breakthrough recovery for OF THE WATER-OIL RATIO R., AND FOR FIXED VALUES OF THE “VARI 
B water oil viscosity ratio of 0.2 would probably be about 50 ATION” PARAMETER V Q CUMULATIVE RECOVERY AS A FRACTION 
Per cent or less according to Equation (31). Although the OF THE TOTAL RESERVOIR DISPLACEABLE RECOVERY. m MOBILITY 
Superimposed resultant will not be the simple product of these OF ONSPLACED O'L) (MOBILITY OF INVADING WATER) 
two factors, the net theoretical effect will undoubtedly indi 

te discouragingly low breakthrough and overall recoveries P 
- evident that this whole subject warrants a great deal of M. Muskat: Trans. AIME (1949), 179, 313 
further experimental and theoretical study 2. M. B. Standing. E. W. Lindblad. R. L. Parsons: Trans 

AIME (1948), 174, 165 
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Oil And Gas Developments 
In 


Alabama, Georgia and Florida 


During 1949 


By JAMES PHOCTOR °* 


ALABAMA 


There were 20 wells completed during 1949 in the State The anount of acreage under lease remained essentially 
of Alabama, six of which were field wells and 1/4 were the same. While large holdings of acreage were surrendered 
Four of the six field wells were com- in the northern counties of the State, the renewed leasing 


wildcat ventures. 
interests in the south and southwestern portions offset 


pleted as producers and allof the wmildcats were completed 
as dry holes, however, as the year closed, the Alamill the acreage that was dropped. 
Oil Corp. No. 1 - ALewis, located in Marion County was 
testing gas shows and it is possible that this well might To date all of the oi! production in Alabama has been 
result in the discovery of a gas field. from the Gilbertown and East (albertown Fields. The total 
productaon for the year 1949 amounted to 464,456 bbl, bring 

Geophysical activity decreased during the last half of ing the cumulative oil production from these fields to 
the year with only one seismograph crew active, whereas, 1,927,026 bbl. The Galbertown Field was discovered during 
during the first period of the year, there were eight the early part of 1944 and the East Galbertown Field was 


geophysical or core drili crews active. discovered during the fall of 1945. 


WILDCAT WELLS DRILLED DURING ALABAMA 


JPERATOR WELI 


Choct aw Houser Drig. ; #1 Honey Est. 
Choct aw Keisker Dev. " #1 Hobert Locke 
Choctaw Keasker Dev. #1 Rosenbaum- Lee 
Choct aw Houser Drlg. . #1 Geo. W. Turner 
Clarke A. K. Temple #] Seotch Lbr. Co 
Clarke Humble Oil & Hefg. #1 Bixler 
Covington A. R. Temple #2. C. S. Williams 
Covington A. HK. Temple #] Martin Spicer 
Escambia Dan L. Heynolds #1 St. Rogas Paper 
Franklin Oge & Easton #1-A Audie Harri 
Houston Union Prod. Co. #1 Kirkland 

| Pake | Foster & Dunnigan 

| Washington Hamble Oil & Hefg. 2J. KR. Willian 
Washington Humble Oil & hefg. “it. Harrell 


= 
4 
4 
| COUNTY MP DATE rT. O. REMARKS | 
| | | 
]2- 21-49 3, | D& Cre | 
| 7-26-49 3,499 UR Cre | 
l0- 12-49 4,025 D& Cre | 
4-24-49 3, be Cre | 
| 8-1-49 5,004 D&E Cre 
| 7-10-49 6, 071 D&E Cre 
| 4-4-49 4,51 D& Cre L 
| 3-21-49 4, 296 D& Cre | a 
| 12-16-49 4,658 D& Cre | 
}9-9-49 2,999 Da& (7) 
7-17-49 A, 10 
4-30-49 3,513 Dal (?) 
2-6-49 15,668 (7) hy 
oc 
- 8, D&A Cre L - OWD 
* GEOLOGIST, MISSISSIPF AT AN AS 
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SUMMARY OF DRILLING OPERATIONS IN FLORIDA AND GEORGIA DURING 1949 


FLORIDA 


Florida’s ¢raliang activity durang 1949 totaled 22 There were no major leasing plays in Florida during 
wells of which six were field wells in the lone Sunnilana the year, however, acreage continued to be acquired by 
Field in Collier County and IA were wildcats. Three of the the major companies. 

six field wells were completed as producers. Geophysical 

and core drill activity proceeded much the same as for 

1948, with one gravity meter crew, one seismograph crew, Florida produced 441,720 bbl from the Sunnailand Field 
one magnetameter crew, and one to three core drill crews in 1949 bringing the cumulative production to 1,091, 160 
actave during most of the year. bbi. 


WILDCAT WELLS DRILLED DURING 1949 - FLORIDA 


IPERATOR WELL OMP . ATE T REMARKS 


(?) 
(7) 
19) 
(7) 


Collier | Humble Oil & Re fg. Gulf Coast Healty 
Columbia Sun Oil Co. #1 Clarence Loyd 
Columbia Sun Onl Co. Huth Bi sho; 

\Columbia Sun Onl Co. W. F. Johnson 

thae Sun Oh! Co. P. C. Crapps 

Jack son Humble Oil & Hefg. C. W. Tindel 
Jefferson Coastal Petr. Co. E. P. Larsh 
|Lafayette Coastal Petr. Co. Honald Sapp 

Levy Humble Oil & Hef. C. E. Hobinson 
\Maraon Sun Onl Co. H. T. Parker 

Monroe | Coastal Petr. G. Staked 

Putman Sun Oil Co. H. Eb. Westbery, et al 
|Swwanee Sun Oil G. A. B. busseil 

laylor Gulf Hetg. Brook- Scanlon Co. 
Volusia Grace Drlg. Het ai Lbr. Co. 


Igneous 
(7) 


There were six dry holes drilled in Georgia during the following three months. 
1949, and the state still remains in the non-producing 
column. A very small amount of core drill amd geophysical lhere was almost no leasing activity in Georgia during 
activity was done in 1949; one core drill crew was active 1949, however, individual operators tauit small blocks 
during January, and one magnetometer crew was active for in some areas. 


WILDCAT WELLS DRILLED DURING 1949 - GEORGIA 


Hrooks Dan Hughes #1-A M. Rodgers, Sw. - 12-49 845 Cre L 
Brooks Dan EF. Hughes #1 M. Hodgers, Sr. - 15-4 A-JRA 
Echols Humble Oil & Hefg. #10. D. Bennett & | 9-25-49 , 882 4 (7) 
H. Langdale 

Houston Tracon Minerals, Inc. H. B. Gilbert - 25-49 1,699 A Granite 
Houston Iricon Minerals, Inc. D. Luke 5-49 1,405 A Granite 
| Seminole Vont Warren #1W. E. Harlow Est. »- R~ 4° 3,544 A (? 


4 
| 
322 

| 
‘ 
| 
| 
| 
4 
7-27-49 12, 210 |D& 
7-4-49 2,928 D& 
8- 24-49 4,828 D& 
3-6-49 5,404 D& ?) 

3- 16-49 9, 243 Dae (?) 
1-8-49 7,913 CreL 
| 3-20-49 3, 410 D& ?) | al 
8-22-49 4, 609 pall 

| 4-24-49 3,845 D&E Arte | 
1-30 -49 7,560 (?) 
4 1-7-49 3,892 
4 B-2-49 3, 140 ?) a 
11-30-49 517 D& | 
i 1-31-49 3,424 b& 
| 
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Oil And Gas Developments In Mississippi 
During 1949 


By H. M. MORSE 


During the year ending December 31, 1949, Missis 
one of the nation’s younger producing states bre 
ninth place among the various states in oil produ 
and the reserves that proven, stand 
proximately in the Mississippi 
brated her tenth anniversary bus ine 
the discovery of fields 
to add to her productive Capacity. 

Mississipp) has lacked the impetus of having re 
only small field ha 

and of 
her 36 active 


she has 


from 
nation. 
the oil 


and two 


seventh 
in 


eight new new reset! 


production, one 


duction above 4500 
below 10,000 teet deep. Ten of 
31, 1949 had only one producible we 


December 3 
of the remainder of the fields 
had a 


less. Therefore, Mississippi has 
because of the depths 
of fieids. 


easy 


ly shallow 


feet, three her major 


are 


on 


had five we 


Six 
relative 


productive growth, inve 
the size of 
drilling is relatively 
are vast areas in Mississippi which are still unexp! 


future. 


smal | many her proven 
and inexpensive, 


Mississippi has a rosy 
PRODUCTION 


for 1949 was 7; 55, bar 
condensate tram 36 fields 
a decrease of approximately 5, 
1948, This 
primarily by 
oil trom 
jue in part to a turther 
tablishment of 
the Ohl 
daily 
amounted to 


Productior 120 


and oal or 


this was 


with decrease 
about 


crude 


compared 
severe cut 
wTavity 


reduction in 


brought the 
chases of low 
also 
severa 


The apy 


pductior 


allowables in 
Hoard. 
rate of oil pr 
approx. 


by the 
fields by 
reduction uf 
restrictions 


tate and Gas 


the 


pipeline 
barrels 
of tieid 


State 


per day, while the reduction due té 

allowables ina of the 

to approximately 11,000 
the 

increase of approximately 


shment of gas 


number fiel 


amounted barre 


Gas production during year amounted 


MCI 
MCE « 
marily 


t the tieid é 


which was an 
ver the previous vear inc Tregse 


to the estabil outlets 


reviousiy 
nections 
Approx. 
to the producing 

ch are 

ettect 


Vie 
horizons if 
the 


O00 


gas wa 


Krookhaver 


nately 35,000 
the 
tield-wide 


SSISSI ppl. 


STATE 
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DRILLING 


for oil or gas com 


The decrease 
in tield 


drilled 
1948. 


to a 


wells were 
drilled in 


due 


In 


pared to 


1949 49 


wei: 


wells in the 
lessening 
wildcat drilling activity 
for the previous year In 
wildcats, 8 gas fields 
domes were 
fields, 


number of was 


the 


iriiied 
iriiiing, 
the 


devel ope ent 


being essentially same as 


irillang of 112 new o1l or 
and 4 piercement 
iriil In addition 
t drill established 
horizons in proven fields. 
Ma operators drilled a total of 2,427,124 
1,634,7 feet in tield develo; 
12,446 feet were drilled in 
field te} th during 1949 was 6672 
OTS feet deep Mis 
to 


the 
Lype salt 
to extending 


overe« 


the 


were dis 


confirmed by 
two new produc ing 


the devel opmer 


SISSIppl feet 

of whict 28 were 
Ling and wildcat 
well 


The 


avert 


average 


well was 
tage of wildcat 
previous year 


Awe 


discoveries rose 


better than in any 


DISCOVERIES 
Armstrong Field, Adams County, 


Field, Lat 
County Hussur 


New | fields were the 
Bude Field, Franklin County 
County; Possur r Field; Wilkinson 
bield ierson County and Sand Halil 
nu as fields were the Rodney Field, Jeftersor 
Wilcox pro 


Hartman 


bield, Jones County. 
tablished in the Oldenburg Field in 
leeper producing horizon was extende: 
Field in Yazoo County The 
confirmed ty drills 

Domes an Hind 


Sharon 


a 
binsley 

ait dome 


Oakley and Learned 
erville Dome in Jones County 


IBLE WELLS 


dra 1949 
jucers, at Sas dry hol 
totaled | 


tield welis 


the year 


Ther 


Mal 
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ley, Picker 
abandoned during 


ommercial producer 
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look 
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was assembled in tt 
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Lhe year 
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ve 
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er, 
ieTe i 
red 7.8% which a 
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the pur is 
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i lin County a = 
of the across the f <P 
roximate four pilerceme 
1 due were the Carm 
telyv County and the Ce 
setting 
ds in the PROD 
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| 109 Uenesee Dev 194! 
10 | Owerrsel, dl lepan Iraverse, Dev 
il Pan Wecost lreverar. fev 1949 4 
112 lraverse, Dev 1948 n 
j 13 Dew 1948 
a 116 | Pine ratiot Liew 4 
i!’ Polke tow mr lraverse, Dev 19” 
118 Dev 467 oat 
19 Dundee, Dev ¥ 64 3, 
12) Dew oR 2 ¥ 
4, sceola Traverse, Dew 194] 
124 "Heed Catv’, Dew 194) 
Traverse, Dew 194° 4 
Dundee, Dev 19% RAS ing! 
LR Hose Ci 1942 4,04 at 
1 Hose la 1943 7 |! 
+ aging, 192 1, i 4 
Se on 
13? 
141 Iraverse, Dev at 
as Dew 19% red 43, x 
Dew i 2, aN Pl“ | 
147 lreversr, Dev Pe x | 
149 di lesan Traverse, Dev 1944 
©, Ottam Iraverne, Dev 647 04 Gl 
151 Hach field, Dev 194), 1,12 AOS, 6, 
Stony Lake, Herea, Dev “49 
Trent, Muskegon lraverse, Dev 4,962 ‘ 
158 Trewbradge, legan lreverse, Dew af 
| in Walker dame © Ottam lraverse, Dew ww | OS 
lol Wayland, averse, Dev ‘ 63 | 
162) West feavertan, Gladen Lev 14% 
163 West fire Thawiee, Dev | 
4 


St Peter 

St Peter 
lraverse 

St Peter 
Traverse 

Det roast Faver 
Traverse 
Traverse 
leavers 

Hors Blan 
Detroit Hiver 
wivania 


St Peter 

St Petes 

toe 
lraverse 
Traverse 
lraverse 
Swivaia 

Detrort River 
lander 
Detroit Haver 
Hiver 
lander 

Traverse 

Hass Islet Sealine 
Sylvania 

St Peter 

St Peter 

St Peter 
Paver 
Detroit Miver 
Svivanie 
Detroit hover 
lrenton 

lren ton 
lreverse 
Detroit Haver 
Dundee 
lreverse 
Detroit Ha ver 
lhoxiee 
Traverse 
Traverse 
lraverse 
Sivanie 
Detront Maver 
Detront Haver 
lraverse 
lraverse 
lraverse 
Traverse 
Haver 
Detrort Haver 


Detroit Maver 

St Peter 

Traverse 

lraverse 


A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
\ 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
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ae G. E. EDDY AND R. P. GRANT 333 is 
we DE 1949 8 TO EN 1949 
a4 i i 4 10,44 
85 « 252 2, 034 v 10,4 
| 86 1 l ! 1, 1, 464 
88 9 2 f 2 1, 
po ( ( l I 18 3, 197 
2 l P +, 18 13 
102 | 101 2 6! 4 1,62 | 1,738 
104 27 0 I P 1,01 1,018 
05 0 119 39 5,351 it = 
106 0 l 4,078 4,137 ie 
107 Ss | 2,674 
108 0 7 44 i 1,89 2,674 
10 164 3 “ 42.) 1,478 1,903 
4 4 0 4 2, 3, 545 
112 0 1,985 | 9 2,274 £ 
‘ 113 91 f 9) 43.) 2, ORE | 2,274 
114 1 %.2 BOR 3. OR 
15 ( 0 4! I 2, 3, 
118 ) 4 20 12 4,72 
19 13 ( 43.2 4,83 4 3, 
121 0 2 43.8 BR 5,62 
122 2, 925 8,9) 
‘ 123 0 0 170 3, 4,917 
124 5, SAS | 8,917 
125 0 4 O44 3953 
12¢ 18 0 ] “4 I | im 
pA l 0 14 41.2 I 4,0 8 
29 18 0 1 4 45.4 3, 140 4, 990 
131 2 4 183 1,583 797 
132 5 0 0 3 2,111 2 2,15¢ 
‘ 133 1 1 0 1 I 2, 22t 
144 0 0 1 I ° %, 102 
135 0 l 1,951 | 2,483 
137 l 0 l 1,512 2,742 
139 1 | 0 i 1,82 1,827 
140) l i 0 l I 1,07 1,518 
| 141 l 1 0 2,24 238 
| 142 1 0 l I 1,779 1,78) 
143 0 4 19 D P 1,69 4 | 4,994 
| 144 10 | 0 2,85 4,00) 
1145 | 0 B 41.1 I 3,845 | 12 
}148} 12 2 10 1,42 
| 149 14 0 0 4 62 "68 a 
| 151 9] 0 43.4 4, 180 39 
| 152 0 0 1 4, 108 
1153 0 21 P| 2,873 
1/155 a 0 “4.9 I 1, 6% Salina 
| 1% 7 1 K Thunder 100 
2 2 0 2 2,039 Traverse 118 
| 2 3 41.2 I 1, 2 | 1,424 
119 0! 0 9 “4.1 DI 755 3 
1160 | 97 | 8 310 R72 5,22 
| 163 iv 191 2,49 x 11,012 
| 164 31 | 2 4) 2 1, 726 
| 165 | | 0 3, 3,849 
4 | 0 3 3.2 3,40} 1 
| | | | } 
| | 


Winterfireid, 
Winterfreld, 
Bunter tield 
Wine, [satel 
lie, 
Park 
Yout Vasper 
Jewelia, Ot tam 


Karten, 

ell, 
Calvin, (ass 
Crmberry Lake, Clare 
Crystal, ceama 
Delias, (linton 
Lake, 4ilepan 
Elkiaud, Tuscola 
Fremont, /sabelia 
Fremont, 
(artield, (tare 


| Cow 

llart, 

te ue 

Larkin, 

Lowa, Mason 

Maine, Of tama 

Haley, 

North Porter, Cass 
Allegan 

Porter, Fan heen 

Second, 

“Sec 
"See 3) Agon 
"See Lake", Muskeyor 
"See 4 Decatur", Fan Agen 
Caanes", Ment 

Sec 35 Heath", Allegan 

thintan", Mecosta 

"Sex hanes town” ‘ttam 
M Jonestield®, 


Allegan 
Isabella 


Salem, 
TOTALS 


lraverse, Dev 
lamdee, Dew 
Letrot Haver 
Dew 
lraverse, Dew 
lraverse, Dew 
Dew 
Iraverse, Dew 


PRODUCT 1ON 


STATI 


HIGAN DURING 


MISCELLANEOUS AND ABANDONED PRODUCTION 


Iraverse, Dev 
Dundee, Dev 
lraverse, Dew 
Dundee, Dev 
lraverse, Dev 
lreverar, Dev 
Iraverse, Dev 
Dew 
Dumdee, Dev 
Dev 


Detroat 


Lundee, Dew 
lraverse, Dev 
Dundee, Dew 
udee, Dew 
lraverse, Dew 
Dundee, Dew 


heres, ‘ass 


lraverse 
Dev 
lraverse 
lraverse 
lraverse 


Traverse 


lraverse, 
lraverse, 
Tren tor 

Iraverse, 
lraverse, 
Detrent 

lraverse, 


19493 


| 
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334 TABLE | GST CS FOP : 
] T T T T T NOENSATE) 
- + + + + + + + + + + > 
ve 194) 1, 4,200, 54) | 
i73 1,990 8, 235, 91 
174 | 19) 272,08 
& | 
| 
| 175 1947 “4 
| 19% 10 4,93 
| 178 193 “4 
179 194: 1,7 
a 1, Ae “4 
1938 10 2 39 
20 2,001 4 
Lae Caneva, id land 19%5 a 4) 
187 | Calves 193 » ? 
197 193° a “4 
Sylvania, Dev 1928 a 194 
194 *terea”, Maas 19@) x 
19 Dev 1934 i 069 
1% lraverse, Dew If 1,008 
\ 198 Iraverse, Dev 19% x +48 
i” 19% 1 1,8 ¥ 
20 1937 12,02 “4 
Traverse, Dev 1942 194 goal 
Dundee, Dew 1943 4 
210 | "Sex nen Herea, Vass 1999 10 
1201 | “See Mt Forest", Any Dew 19% AR 
212 Sex Iraverse, Dev 1944 i 
= 213 | *Sex Overs sel” lraverse, Dev \ 6,3 
2140 "See Shennan”, lev 1939 1,4 4 
21 "See Sha wwassee", Dew i” it ¥ : 
16 "See 22 Fame rd 194] 2 
“18 Salwer Creek, Cass Dev 198 
| Skee ver, Dev 1942 x 1, 48 +44 
| 
i u A A 4 4 4 4 A 
All 
i 
| 


GRANT 


A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
4 
A 
4 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 


Detroit 
lraverse 
Traverse 


Dundee 
Dundee 
lraverse 
Detroit Raver 
Saline 

Det Haver 
lraverse 
Dunder 

Dundee 
Dundee 
Dundee 
wivaua 
lraverse 
Dundee 
lraverse 
lraverse 
lraverse 
Dundee 
Dunder 

lraverse 
lraverse 
Traverse 
Traverse 
lraverse 
Detrout Maver 
Dundee 
Dundee 

Traverse 
Traverse 
Dundee 

Tren tor 

Ir averse 
Detrort Maver 
Detroit ver 
lraverse 
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NUMBER OF | WELLS PRODUCING’ | ama N RMATION DEEPEST ZONE TESTED" 
j WELL } DE 949 TO ENO OF 1949 
4 | ain ‘ad < z < z . } ou 
| | a 3 z > r < R - > wi 
t + + + + + t + 4 4 rt + 
| 167 | P Sylvania 5,100 
| 168 ( | 4.2 P Sivanue 5, 100 
| | | I wivaue 5,100 
} 171 | ( 0 2,823 |. 3,534 
|} 172] 21 3 1,87 t | 2,255 
174] @ 0 0 8 41.9 I 1, 514 | 1,72 
| 
| 
| 
ive 1 0 0 0 3, 3, 125 
178 2 9 0 0 1,83 } 
179 2 0 0 I 1,839 | 3,643 Bs 
180 3 0 0 ( I 2, 482 2 
181 l 0 0 0 Pp 1,47 1, 40 
2 0 ( I 2,65 | 3,735 
183 0 | 0 ( D| 4 4,700 
184 2 0 0 0 I P 3, 12 3,19 fe: 
D | P | 5,01 5,307 | 
186 5 0 0 ( 1, 678 
187 2 0 0 0 I P 2.0% | 2,998 «ae 
188) 4 | 3, 82 3,80 | 
¥ | 189 0 ( 3,751 3, 800 
| 190 0 | 0 0 pe 1,91 | 3,43 
191 4 0 0 I P 3, 4,000 
192 2 0 0 ( 473 4 | 3929 
1% 2 0 ( 0 299 | 3,m0 | | 
194 2 ( SI 1, 17 | 1,200 | 
195 l 0 0 0 D 47 | 4, DO 
17 4 ( ( 0 I 1, 5X 1,600 
200 2 0 ( 0 3, SD 
( P 2.71 | 3,138 
0 ) 1, 83% |} 1,840 } 
l ( 0 ( ? 1,869 | 1,90 
ae | 0 P 1, 468 | 1, 470 
2K | S| P| 2,51 | 3,854 
21 ( ( 0 Pp 2,96 3,057 
212 l 0 P | 1, 392 
213 l 0 0 1,553 1, 578 
215 0 0 0 1, 2,410 
218; 2 0 P 2 } 1, 115° 
2 ? 0 ( l 1,679 1,692 
: 
— 
‘ 


AL 

ton 3 
Austin, 
fhe Praime, 
fae Hapads, Wecosta 
Hroumfield, /sabella 
buckeye, xtun 
Cedar, 4 

dare lare & 
(layten, 
sabe 
oitax, Heansta 
aopervil le 
sanbercy Lake lare & 
Vi 

Croten, 
rystal, 
Haver, Arena 
Leertieid sabe ria 
tatnore, Hontcaim 
wattot 


basexviile, 


“torage reservoir 


tvart 
cure 
t sabe 
leant, foam (dacial Drift, 
Ple 
(acen, Secosta Mass 
tare 
Harm sor lure 
lia, 
Ithaca, 
Kumball Lake, 
Lanocoir sare 
Vet ay lare 
Varior lare © Osceola 
Ve Pleasant wbella 
Vuskeern, 
Voskegon, Mest 
North Mar, 
Northville Saline, Sashtenar 
Nortiwest (rystal, fontoum 
Orient lare Jsceola 
haem, Antrum, Vass Liev 
Pentwater, -ceana © #ason Liew 
Porter, Oidland Liev 
Haverna, Maske pon "Heres", Vass 
l Vass Stray, Vaw 
Stray, Shas 
Vass Stray, 
Miverside, samter Vass Stray, Vass 
Hollami, Vos tray, Vass 
“al 


Vass Moray, 


Miss Stray, 


rk, #eaosta 

ld, 

mabe 
lie, Yemaygo 
Yost-Jasper, (diana 
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4 336 TAB GAS PRODUCTION STAT TI FOR MICHIGAN DURIN 
4 
Strom, Vass - Dev “at 
2 Mich Stray, Miss 1.2 18.4 
Vach Stray, Vaas 19% 6, 109 Storage reservoir 4 
4 Vach Stray, Vase +.9 32. 6 
of Vach Stray, Vass 43 1,586.4) 345.1 
Vach Stray, Vass 23. 1 189.7 
+ ? Dundee, Lev 19 ni well vas 
44 Vach Stray, Vass i” 25. 122.9 
Vass Stray, Miss 446.1 1,304 
Voss Stray, Vass “4 ] 
j Lev 49.7 5.1 
if Vich Stray, Yass 19.1 
Voss Stray, Vass 7 8.3 
1% Vass Stray, Mass 1943 l 
Vass Stray, Vaas 6,9 ¢ Includes o11 well gas 
2) Vass Stray, Vass 4 2 
194 Includes o11 well gas 
4 4, 482 
ye 1441 4 ] 
t reservoir one 
} 9 39 it 
} 1943 4 74.4 
1938 2 ni well wes f 
| 3 05.9) (Oil well gas 
‘ 12 well gas 
« 
‘ 197 
“ 
| 49 well ues ‘At 
| 5 432.¢ 
@ Includes sell gas 
4 
» 194 4 
ere Dundee, Liew iv 4 hi well gas 
Sax Lakes, #ecosta Sontaum Vases Strev, Vise 49,29 
Turklake, #ontoalm Vach Strey, Vas 4 | 
6S wide lia Vach Stray, Vass + 
Walker, “lerea”, Vas 4 (Includes well sms 
Detroat Paver, [ev “ 
Ma tray, Miss 4,793. ¢ 
Stray, Maes 4 189. | ys 
Dew 19 ni well gas 
a 


> 


A 
A 
A 
A 
A 
4 
A 
4 
A 
A 


rrr rrr rrr rrr rrr rrr 


Cabot Heed 
Dundee 
Haver 
Mad Stray 
Sach Stray 
wivanue 
wivenle 
wiveuse 
wivaue 
Raver 
[Traverse 
wivane 


Dundee 
Letroat Maver 
wivane 
Dundee 
Uundee 
lraverse 
wivane 
Maver 
Letroat Maver 
Detrat Haver 
Mass Stray 
Detrat 


Haver 
Lundee 
wivane 

Peter 
Letrat 
Dundee 

St Peter 

St Peter 
Detroit Haver 
letrat Haver 
Letra t Haver 
wivanue 


St Peter 

Se Peter 
Trenton 
Swivane 
wivane 
Maver 
wivaue 


Maver 
Trenton 


wives 
Letroat ver 
St Peter 

Voch Stray 
Lundee 

St Peter 

st Peter 

Irdow 
Letroit Maver 
wiveus 
wivene 
Maver 
wivaue 
Letront Haver 
wivaue 
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| NUMBER OF | WELLS PROM N PRE SSUR ABA EPEST ZONE TESTE 
| | WELLS* | E 1949 TO £N 1949 
| w ¢ | 1949 2 | 
‘ 45 if 4,4 
; 4 ( ¥ 1, (4 
| 3 4,994 
| 10 | 19 4,163 
12 ( 2 4,043 
alo 129 € 
15 ( ( 2, 2,908 ; 
17 at 4 4,311 
18 0 0 1,41 4, 7x 
19 2 1,14 1,423 
21 0 ( 67 2,1 
23 3 13 1,41 4,457 
5S ( l 3,70 
| ( 1,13 3, 562 
3] 2 1. 675 4,20 
32 134 6.02 
44 ‘ 5 1, 454 3,913 
37 2, 6,689 q 
4] 1,513 4, 285 
39 i 2 1, 401 4,055 
4) 3, 4 4,821 
42 15 1, 700 4,754 
43 2,028 4,7 
4 18 1, 508 5,307 
] 3 H 5,49 
49 2,274 
3, 415 4,733 
9 1, 208 under 2, 
52 4 1,475 Sivania 
? 4) 1,20 St Peter 8, WH) 
4 2 3, 700 
3 < 13K 1, 096 
61 8 1,Z 3, 7% 
63 1, 44 4, 
68 69 11,012 
49 1, 4,457 
12 1, 5, 198 
l l [ 001 5, 1% 
72 1, 125 4,374 
4 ; 1" 34 
433 
Ae 


owtinueo GAS PRODUCTION STATISTI< 


T 


if INE NUMBER 


MISCELLANEOUS AND ABANDONED 
| 
Albaon, Calhoun Traverse, Dew 
| Dey, #onteala Vach Stray, Miss 
| East Fork, #ecosta Yach Stray, Viess 
Crystal, St Clair Sal 
| (arfield, Clare Letront Paver, Liev 
| Leatan, /subella Mach Stray, 
| North Acuna, drenac Herea, 
| See 3) Vern, /sabella Stray, Viss 
| Sylva, Osceola Vach Stray, Miss 


85% 


° 


NORTHERN MICHIGAN 


WESTERN 


- FIELO 
GAS FIELD 


EASTERN 


ros ane 


‘SOUTHWESTER 


SOUTHEASTERN 


MICHIGAN @ 


| - MICHIGAN DEPARTMENT OF CONSERVATION 
GEOLOGICAL SURVEY DIVISION 


1949 
SUMMARY OF OPERATIONS 
OIL AND GAS FIELDS 
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338 TABLE |-A FOR CURING 19u9 
| 

| | 
iq 
YEAS 
ARAN 
wef 
| 8 5 
| 
35.8 | 
1 
| 
/CHIGAN|, @ | 
& 3 | 
°| T9* Basin © 4 
q | 
if 
° i 

3 st 3 
| 


Tren tan 

Vach Stray 
wiveue 
Niagara 
Wivanue 
Agee 


A 
A 
A 
A 
A 
A 
\ 
A 
4 


AND GAS PRODUCING AREAS BY FORMATION 
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NUMBER WELLS PRODI NG Pre ARA N N 
wELLS* j 1949 EN 1949 
1949 OtL j ao 
| + + + + + + + + + + + + 4 + 
| 
| 
| 1, 382 1, 75 
79 | 1 483 q = 
wo} 5 013 < 
81 1, 2 4,24 
leg} 5 1 4,055 
84 | 0 1, 525 | 4,48 i : 
= 
: 
‘ 
4 
j 
| 


Antrum 
Arena 


Cheboygan 
(rewtord 
(d 


Osceola 


Clear 
st Clair 


Adams -Hachtield 
| Berd 
| Meaver (reek 


Mal ilings 


| leneve 


Hope 
Isabella 

Kawk awlin 
Pentwater 
| Pullmar 

South Akron & Akron 
South Hopkins 
South Lee 
Stuny Lake 


| 


< 


DEVELOPMENTS IN MICHIGAN DURING 


- IMPORTANT WILDCATS DRILLED IN 


Glacial Draft 


TABLE 3 - 


Arenac Nay 


| Gd achwar 


halkaske & 
Craestorda 


| Gd adwin 


Van Haren 
Harry 


Isabelle 


| Bey 
| Mason & Oceana 


Al legan 
Tuscola 
Al legan 
Al lLegan 
keane 


ial 
ial 


Lira ft 
Dra tt 
Dri ft 


Drift 
Drift 
Dri ft 


Drift 


trai ft 
Drift 
Drift 
Dra ft 
Drift 
[iri ft 
Drift 
Dri ft 


ft 
tra ft 


| Detront Maver, Dew 
} Detroit Paver, Lev 


Hass Isiand, Sal | Cook 4 
Detroit Maver, Lev! 


Irentan, Ord Hoose 
Detroit Ma ver,Dev 

| Swivanie, Dev Mosul 


| Levi Sperior 


Hous Hlanc, Lev ‘am (hl lo 
Wivania, Dev laggart Hros 
Detroat Maver, Levi Low | 


Salina, 
St Peter, 


| Arthur 
Cabot Head ai Sam Uni 


REMARK 


Extension Dh sc 
Adame Hachfield 


htieid pool 
hole 
hoe 


hole 
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; 1949 
oe T 
| 
2 | r« | val 
| OR | SEC. . | PRODUCTION 2 RE SSURE |. | 
| LOCALITY }o3] URFACE DEEPEST | _PER Day | | 
J ge} > | E DRY HOLES | 
ay 2 | 16 1,892 | 4515 Si 2] HERE 
Major Sake 4 
BM 1W 5,35) ecial velt (hi 
a | | uffy, J | 
Gemn | | [Dry hole | 
nash | | Dry- 
| i | 6/26M 5 4.6231 Ge hi & pool 
hy | | 27 | 
| 2 4 2,91 Glacial O off | Ory | 
5 = | St Pet 
| “4 a0 (ni wole 
: | | | | yer 
j } | | Dry hole 
| | | | 
4 
VE FIELD DEVELOPMENT IN M 7 
| T WRING 1949 
WELL RILLE WUMBER OF J : 
VEREL N 1949 NG we P AREA a} 
+ NG 1949) ACRES} PRODUCTION 
| 1939 it ae 24 4 
1948 16 22,964 99.964 gk 
ay | 1938 12 298 , 084 
| 1948 2 21 123, 68 
1936 ° 1, 04 1.9% 42 766, 593 
af 17757 1,725, 22¢ bi, 
= 4 61, 502 
1, 046 2, 131, 987 
4 
4 
an 


hal amazoc 
Mecosta 
Vu skegor 
Muskepor 
Muske wor 
VMuskeyon 


NEW PAY 
Gd adwar 
Mecosta 
orana 


FIELD EXTENSIONS 

Masor 

Van Huren 

Van Hurer 


Crooked Lake 
Pullmars 

East Pullman 

“Sec 21, Monterey” 
"Sec 36, Monterey” 
“Sec 8, Watsan” 


Watson” 


| South Lee 


Freeport 

“Sec 24, 
Bard 

Ha Langs 

Hutnar 

Isabella 

Al ano 

Sec 5, Comstock" 
Pans 

"Sec 23,Cedar Creek” 
Tres t 

Wolf Lake 

"Sec 9, Denver” 
Mears 

"Sec henona” 


Butman Hach field 
Paris Dundee 
Stany Lake, Heres 
“Sec, 10, Weare” 
| Logan 


South Adams 
Pentwater 
Vho 

Cot tee Lake 
| Geneva 


DEVELOPMENTS IN MICHIGAN DURING 


(10 after acad 
(70 Natural 


rset 


lrave rse 
Traverve 
Traverse 
Traverse 
lraverse 
Traverse 
lraverse 
lraverse 
Traver 
lraverse 
Linder 
Mach Stray 
Traverse 
Traverse 
lraverse 
Trave 
lraverse 
erea” 
“Herea” 
Dundee 
Traverse 


Hachtield 
"Herea” 
heres 


“ier” 


Mach tield 

lraverse 


lraverse 
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Pe TABLE 4 SCOVERY WELLS IN MICHIGAN = 
T T T T T 
| ATION N AL PR TION 
SE Twe RANGE NE 
AY 
Al 25 2 l 15044 6-4-4 1,281 Wer | 
i 16 15195 1, 1a 192 Pinched 
lew ] 15 1566 12-2)-4 i,1 he | 
| 2 13 12-5-49 1, 82: | 
Allewi } 21 i 3 l 12 
Al | 36 3 13 1547 10-17-49 1, 10 A 
8 2 10-31-49 1,736 3 (nl 15 Wer 
leg 2 12 
Allewar | | x 2 2 1382 12-2 1,406 72 Wer 10 hr 
Gl ¢ 2 iva 2 5 
Isabel 7 15 14713 27-49 
Kale 14689 20-49 30 Onl 35 Wer | 
28 Io 6-9-49 2, SN 
19 10 146 1-15-49 39 
4 | 18 1472¢ 2- 12-4 24) A { | 
| 13 4 18 155% 12- 17-4 L,¢ WA 
| 2 20.N 12-13-49 4, % BA 
2 10N | 10W| 1516] 12-49 404 1, 84 
| 10 16N | 17 15514 10-31-49 
| 2N + 14474 1-21-49 : 
| | 
} | I7N] 18h! 18417 W-15-49 12 Wer 
| 4 24N 12- 4,2 | 
4 2 | 1S| low] 154 0-349 1044 SOA — 
ee 70 
q 
: 
| 
4 
A 
4 
= 
: 
| 
| 


DEVELOPMENTS IN MICHIGAN DURING 1949 


SYSTEM. SERIES FORMATION,GROUP! LITHOLOGY THICKNESS ECONOMIC PRODUCTS 
RECENT 
PLEISTOCENE 


PENNSYLVANIAN” 


D GRAVEL CLAY boulder 


+ 


MISSISSIPPIAN. 


DEVONIAN 


LIMESTONE 


ochport- Engadine 
Manistique Burnt Biult) 
~ataract 
CINCINNATIAN 
(Richmond 
Maysville Eden) 


west ANDY 
AND 
MALE 


te sandstone 
SANDSTONE 


TONE FRES 


FRESH WATER BANE 


DING STONE 


HALE FRESH WATER 


Te 


mestone srae 


TRENTON-BLACK RIVER | LIMESTONE DOLOMITE 


ST PETER 


SANDSTONE 


OZARKIAN 
OR 
CANADIAN 


| PRAIRIE DU CHIEN 


Shale anhydrite 


5 SAND, FRESH WATER 


DOLOMITE FRESH WATER 


50-4000 


SALT GAS 


LIMESTONE. DOLOMITE 
OIL. GAS. FRESH WATER 


1000 


Oli. GAS, LIMESTONE 
FRESH WATER 
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Oil And Gas Developments 
In The 


Rocky Mountain Region 
During 1949 


By KAYMOND M. 


GENEKAL 


The area covered by this paper is the same as from 
1944 to 1948. The major activities were in Colorado, 
Montana, Utah, and Wyoming. Idaho, Nevada, North Dakota, 


and South Dakota are discussed briefly. 


lotal o11 production in the four producing states was 
81,228,000 bbl, as compared with 82,383,000 bb! in 1948. 
Production in Colorado increased 5,525,000 bbl, due to 
more runs from the HKangely Field through the pipe line to 
Salt Lake City which was completed in November, 1948. 
Utah had its first important production, mostly from the 
Ashley Creek and Hoosevelt Fields. Montana production de- 
clined 246,000 bbl. Wyoming production declined 7,055,000 
bbl, due to an increasing weakness in the low gravity 
black oal market. 


Measured gas production, used or sold, increased from 
92,057 MMct in 1948 to 93, 102 MMcf in 1949. Gross produc- 
tion increased from 128,695 MMcf to 145,174 \Wicf, mainly 
because of greater oil production in the Elk Basin, Mush 
Creek, Fiddler Creek, Kangely, and Worland Fields 


four states, based upon all 
drilling wells, declined from 1,529 wells and4,697, IB7 ft 
of drilled hole in 1948 to 1,245 wells and 3,934,489 ft 
in 1949. Draliing in Colorado was considerably less than 
in the 1946-48 period, because development of the Weber 
Pool at Rangely to 40-acre spacing was nearly completed 
in 1948. Only in Utah did drilling activity increase. 


lotal drilling in the 


depths were established in unsuc- 
cessful Montana at Ash Creek, for Ltah at 
Thompson, and for Wyoming at Pacafic Creek (world’s deep- 
wells are listed in jable 2. the 
at Wilson Creek, was drilled to 


New state drilling 
wildceats for 


lee; est 


est hole). The 
well in Colorado, 
ft in 1944-46. 
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Among the highlights of the year to influence future 
developments were the discovery of oil in Tertiary beds 
at Hoosevelt, Utah, inthe Uanta Basin, which followed the 
Pennsylvanian system discovery in 1948 at Ashley Creek; and 
the oil discovery at Gurley, Western Nebraska, in the 
Julesburg (Denver) Basin. Although the latter area is not 
included in the overall outline of the basin 
extends into southeastern Wyoming, northeastern Colorado, 
and northwestern Kansas. A discovery in the Glenrock area 
the Sussex area, both in the southern 
part of River Basin, stimulated interest in 
further drilling and exploration there, although they did 
not contribute much drilling or production during 1949. 


thas paper 


and new poois in 


the Powder 


lhirty-five unit agreements were approved by the U. 5S. 
Geological Survey in 1949, as compared with 40 in 1948. 
them anvolved proven fields - Big Medicine Bow, 
and Seven Mile, all im Wyoming. The others rep- 
blocks. Thirty-two agreements were ter- 
minated, the greatest number in any year Linsuc- 
cessful exploratory wells hadbeen drilled in the unitized 
1931, 261 unat agreements have been approved 
terminated, leaving 151 in effect on December 31, 


Three of 
La Kar ge 
resented wildcat 
to dete. 
areas. Since 
and 110 


1949, 


Also of importance as to Department of the Interior 
industry, was the consolidation of 
vanagement dastract land offices at 
The Pueblo, Colorado, office was 
June I7. The Great Falls, Montana of- 
fice was moved to Billings on July 29. The Carson City, 
Nevada, office was moved to Keno on August 12. Consolida- 

of Wyoming offices at Cheyenne followed in January, 

Hegional offices are located at Hallings and Salt 

» Caty. 


relations with the onl 


Bureau of Land major 


cities in three states. 


moved to Denver on 


Prices of light crude o11 remained generally steady 
throughout the The Mid-Continent price for 36 
gravity laght Salt Creek was $2.57 per bbl. lhe 
of 26° gravity lensleep heavy crude there was re- 
from $2. 19 to $1.94 per bbl on May 16. Oregon Basin 
crude sold on a gravity basis until May Il, 22° gravity 

being $2.11 per bbl. On May 11 a flat price of $1.65 
dropped to $1.40 on December 20. 
imalar changes affected other gravity 
which are produced in the Big Horn Basan 


year. 
o1i at 
price 


juced 


-d. This was 
Some wh at low 
most o 


rudes, 
»f Wyoming. 
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DEVELOPMENTS IN THE 


Pipe line construction included a 75-mile, 8-inch oil 
line from Fiddler Creek via Vush Creek and Skull Creek to 
the Cheyenne-Denver and Freeman, Missouri, trunk lines at 
Lance Creek, Wyoming; a 68-mile, 
bik Basin and Salver lip, Wyoming, replacing anolder line 
to Laurel and Mallings, Montana; and an S-inch products 
line from Salt Lake Caty to Twin Falls, Ida, 
Burley and Twin Falls, 
with f-inch pipe 


12-anch oal line fron 


with de- 
livery 
Idaho. This line was 
to Baker, 
Washington. The total 


points at Ogden, Utah, 
continued in 1950 
Oregon and f-inch to the terminal point at 


Pasco, length of the line is 56f 


miles. 


announced, but on which oniy preiimi- 


12 3/4-inch gas line 


A major project 
nary work was done, 1s a iM-mile, 
from Worland, 
processed gas from the Worland Field available in the 


Wyoming, to Cabin Creek, \iontana, to make 


system. With one compressor plant at 


able to handle 35 \Mcf per day. 


Howdoin-Cedar Creek 
Worland, thisline will t 

Shorter lines included a 6-anch gas line trom 
Lattle Huck Creek and Fast 
Wyoming, to save and process 
4-ainch oil 
a 9-mile, 


Lance Creek to Lance Creek, 


oil-well gas; a 13-mile, 


line from Gooseberry to Grass Creek, Wyoming; 
4-inch o11 line from Heagan to Cat Bank, Mon- 
tana; a l4-mile, 8-inch 
Creek, Wyoming; a 7-mle, 
Creek, Wyoming, the 
mile, 6-anch gas line from the Utopia Field to Telstad 
Vient ana. 


from Sussex to Salt 


line fram South Cole 


yal line 
4-inch oil 


Cole Creek-Casper line; and a 21- 


COLORADO 
nore exploratory wells were started 
years, the total number 
cent and 


Although 
an 1949 tham in 
of drilling wells was 


several 
1948 and previous 
jown 42 per 

inder general 
ling decreased considerabiy, 


footage was 
dow 60 per cent. As saa remarks, o1l pro- 
duction increased and dril 
due to developments at Hangely. A natural gasoline j lant 
in this field was placed inoperation on Lecember 4, 1948, 
and wa propane, and butane during 
19 49. was ®) Wicf, and recovery 


25,000 gal perday. tarst 


producing gasoline, 
Initial plant capacity 


Thas is the important production 


ROCKY MOUNTAIN REGION DURING 


1949 


al gas liquids in the State. Of the 55 oil wells 
1949, 
and nine were dee 
in the Nangely rieid 


in Colorado in tharty-nine were shaiiow 


ompiete 


viamicos shaie 


(Weber sandstone) wells 


(mly two nominal discoveries were reported, o1] at Uak 
Three tarl- 
which dampene 
prospect i “<i by the “ix 1 
followed the Julesburg Basin discovery 


Creek and gas at Asbury Creek (see Table 2 
Dove Creek, 
1948 discovery 


ures were recorded at 
there. 
portant ftarlures 
in Nebraska, and 13 failures were innorthwestern Colorado, 
because of the Oak Creek discovery. The 
Committe I istics of Exploratory Lriiling of the 
fmerican Association of Petrol eum Geologists, 
slightly different and more detailed than 


irilied partiy 


whose clas- 


si fications are 
the writer’s, listed 5 exploratory completions in 1948, 


ful; and 52 in 1949, wath the above two 


ost wells are included in its summaries. 


1948, 
ording to one source of an- 
Julesburg 


ctivity decreased I7 per cent from 
-wimonths, ac 


of this actaviaty was in the 


tables tor other 
producing repeated and extended to furnish a 
reference for the l0-year period 1940-49, before, during, 
md after World War II. Wildcat wells are listed in Table 
lable lL. 


owing Table A and similar 


ates, are 


2, and field data 


compiled from 
Survey records and previous papers. lro- 


formation in these tables has been 
gical 
figures may be revised fram time to time as field 


are adjusted. Metered or marketed gas production 
wasured gas produced for sale or regular use. Gross 


Do gas 
estir »s of gas used or lost an oal 


ction includes also recycled gas, but not 
according to the definition of the LU. S. 
ithe Natural Gas Chapter of the Minerals 
the gas production figures in Table 
narketed gas, at the pressure base of 
for measurements in the region. 


TABLE A - DRILLING AND PRODUCTION, COLORADO 
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ANNUA A ME TERED ROSS 
Wil AT NUMBER TOTAL WELL IL PR WELLS MAR. SAS 
WELLS OF WELL IRILLING T N KE TEL PRODUC. 
YEAR TARTE YRILLIN FOOTAGE PLETE | (Ber PLETED TION 
1940 | A4 78, 548 | 1,721,849 08: 2, 146 
1941] 9 61 102,848 \4 | 2,137,954 4 2,713 2,887 
1942] 9 55 109, 125 12 232,961 4,030 4, 38 
1943] 12 78 | 118,364 16 327 , 268 5, 460 6, 148 
1944] 11 4 | 246,165 4 3, 113, 94 4,872 5, 98 | 
Bae 1945] 21 134 } 512, 24 51 5,024, 357 3 4,24 » 860 a 
1946 | 24 27h 1, 181, 427 167 | 11,928, 5¢ 2 4,941 8,702 
1947 59 224 | 1, 368,772 1Q7 15,808, 955 2 10, R16 
| 47 324 | 1,094,967 159 | 18,055, 569 6,49 
1949] 53 188 $38,701 | 55 3 520, 6,063 13,819 
| | | | 
| 
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IDAHO 


Draliing on the Big Elk Mountain structure commenced 
in December, 1949, in Sec. 23, T. 2S. K. 44 E., Honne- 
ville County, under a farmout detail from Sinciair Ual 
and Gas Co. to Sun Oil Co., but was suspended for the 
winter at 125 ft. Phillips Petroleum Go. and Utah Southem 
Oil Co. were making preparations to drill their Juniper 
block inSec. 10, T. 14 S., K. 30 E., Oneida County. These 
tests have Pennsylvanian and lower objectives. Several 
other tests were scheduled for 1950. 


About 41] wells have been drilled seeking 011 and gas 
in Idaho. Most of these were shallow holes drilled by 
local companies prior to 1933. Some gas was found in the 
lacustrine Payette formation. The only previous test weil 
in the State drilled by a major oil company was the 
3,780-ft hole of The California Go. at Hirie or Meadow 
Creek in HKonneviile County drilled in 1930. 


MONTANA 


Total drilling activity and footage in 1949 was about 
R80 per cent of 1948, although nine more exploratory wells 
were started. Oil well completions dropped from 190 to 
140 wells. Oil production declined slightly from the 1948 
maximum. Cut Kank was stall the largest producer, although 
the decline there was 637,000 bbl. Elk Basin (Montana 
side) was second, and Kevin-Sunburst third in rank. 


New discoveries were made at Sumatra, Vevil’s Pocket, 
and Jack Creek, but their importance was not con firmed 
during the year. Other successful exploratory wells are 
classified as deeper pool tests or outposts in Table 2. 
The CSED listed 57 exploratory wells campleted in 1948, 
with 14 successful, and 66 in 1949, with 12 successful. 
Seismograph activity increased from 58 to 163 crew months. 


The new Carter Oil Co. refinery at Billings, with a 
capacity of 20,000 B/D, was formally placed in operation 
on August 26. A new Continental Oil Co. refinery with a 
capacity of 8,000 B/D, wascompleted in the same city. 
These refineries are served by the Elk Basin pipe line 
previously mentioned. A plant to remove sulphur from the 
Madison lime gas in the Reagan Field was placed in opera- 
tion on Uctober 25, 1949. The plant 1s in the North Cut 
Bank Field, and later, Madison lime gas from the pools 
there was treated, eliminating flaring of this sour gas. 


} 
;WILOCAT | NUMBER TOTAL | WELLS 
WELLS OF WELLS DRILLING | “ 
YEAR | STARTED ORILLING FOOTAGE PLETE 
1940 997 555,051 151 
1941 24 332 620,752 | 143 
1942 12 265 464,858 123 
1943 57 373 480, 145 158 
1944 4f 497 1,030, 544 219 
1945 24 407 795,858 193 
1946 49 391 684, 121) 145 
1947 51 415 749,709 1AF 
1948 54 408 7460, 828 1% 
1949 43 325 631,924 14) 
* Millions of cubic feet 
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TABLE B - DRILLING AND PRODUCTION, MONTANA 
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NEVADA 


Only one well was drilling during the year. The United 
Petroleum Corp. well at Apex in Clark County (Sec. 6, T. 
18 S, R. 64 E.) was contanued from 900 to 1,241 ft and 
stall drilling. About 34 wells have been drilled for oal 
and gas in Nevada, mostly by small operators to shallow 
depths. More important activities were expected in 1950. 


NOKTH DAKOTA 

Three small gas wells were completed by Mont ana-Dakota 
Ltalities Co. near the southern end of the Cedar Creek 
anticline. A stratigraphic test by the Continental and 
Pure Oil companies northeast of Bismarck in Burleigh 
County (Sec. 6, T. 140 N., KR. 77 W.) was drilled to 6,957 
ft an Devonian sediments and abandoned. The Hed Haver Onl 
Go. drilled to the pre-Cambrian at 1,665 ftin Grand Forks 
County (Sec. 35, T. N., 52 W.). The Price Drilling 
Co. well at Carpio in Ward County (Sec. 16, T. 157 N., BR. 
85 W.) was continued at 8,485 ft with major company as- 
sistance and abandoned, probably in Ordovician sediments. 
The Union Oil Co. well near Devil's Lake in Ramsey County 
(Sec. 29, T. ISA N., K. 62 W.) was abandoned at 3,325 ft 
in pre-Cambrian rocks. 


Sixty-five oil and gas tests have been drilled in the 
State to date, of which 28 are gas wells in the Cedar 
Creek Field and several wells have been abandoned there. 
Gas production 1s given in Table 1. The recent drilling 
was influenced by possibilities of Devonian reef accumu- 
lation simalar to conditions in Alberta, Canada. 


SOUTH DAKOTA 


Three wells were drilled and abandoned, one was sus- 
pended, and two were still dralling, as follows: 


OPERATOR LOCATION AREA COUNTY DEPTH STATUS 
E. Kucera 19- W-TE Me ade 1,378 Sum 
E. Kucera 19-3N-7E Meade 1,828 Dre 
Wn. Seyler 12-8N-SE Iwo Top Hutte 5,70 Dre 
Palensky Bros. 25-45-7E Fairburn Custer 3,136 Abd 
Palensky Bros. 10-465-6E Buffalo Gap Guster 992 Abd 


Pacafic Western Wallace Fall Raver 4,080 Abd 


ANNUAL »AS METERED GROSS 
OIL PRODU WELLS OR MAR. GAS 
TION COM - KETED PRODUC- 
(Ber ) PLETED | GAS TION 
6,709, 43 | 49 25,444 25, 
7,523,823 27,319 27, 484 
072 £9 29,910 31,012 
7,899,415 | 51 30, 325 31,597 
| 8,625,511 | Al 31,549 33, 175 
| 8,406, R41 } 49 31,064 32,344 
| 8,817,546 | 83 31, 136 33, 147 
| 8,744, 189 | 92 33,013 3B, 235 
1,356, 39 34,725 40,617 
G, 126, Li 65 35,481 41,779 


ia | 
| 

| | 
| | | | 


DEVELOPMENTS IN THE ROCKY MOUNTAIN REGION DURING {949 


Eighty-eight oil and gas tests have been drilled in 
the State to date. Five of these are gas-water wells at 
terre, and six are low pressure shut-in gas wells at 


Ardmore. These “fields” are listed in Table l. 


Seismograph activity in the Lakotas, not separated, in- 
creased from nine crew months in 1948 to 53 in 1949. 


UTAH 


The number of drilling wells and footage drilled estab- 
lashed an all time record for the State, although two 
less wildcats were started than in 1948. Two o11 wells 
were completed at Ashley Creek in 1948, and 25 in 1949, 
which nearly completed the development of thas small but 
prolific pool. Two oil wells were completed in the shallow 
zone at HKoundary Butte. An oil discovery in Tertiary 
deposits at Hoosevelt sparked interest in further explor- 
ation of the Uinta Basin. This diss overy well produced at 
the rate of 400 to 600 WD the first six months. Testing 
was completed at the Upper Valley well in southern Utah, 
and 1t was suspended as probably non-commercial. No gas 
wells were drilled. 


The CSHD listed 17 exploratory wells completed in 1948, 
mth five successful; and26 in 1949, mth two successful. 
Seismograph activity increased from 17 crew months in 1948 
to 45 ain 1949. 


Although 200,000 bbl of oal from the 
small Virgin and San Juan fields commencing in 1907, and 
@ small amount from the Ashley Creek and Boundary Butte 
fields in 1948, the first important oal production in the 
Brate began in 1949. Commercial gas production, as in 
years past, was confined to Clay Basin and the Farnham 


field. 


were produced 


WYOMING 


On the basis of Table FE, wildcat starts and drilling 
Bells showed a slight decrease in 1949 compared to 1948. 
On the basis of well completions, activities could be 

msidered about the same, or slightly higher in 1949. 
ce 570 and 600 wells were completed in each of the 
Swo years, according to various counts. The writer's fig- 
Ures indicate 64 fewer o11 wells and 88 more dry holes 
completed in 1949 than in 1948. Due to the fact that many 
wells are carried as suspended it 1s not practicable to 
distinguish completions from temporarily, seasonally, or 
indefinitely suspended wel | s. 


The CSED reported 147 exploratory wells drilled in 
1948, with 44 successful; and 19] in 1949, with 40 suc- 
cessful. Only 30 wells are listed as successful ep lora- 
tory wells in Table The number of deeper pool tests 
was mich less than in 1948. Seismograph activity declined 
from 490 crew months in 1948 to 4% in 1949, or 14 per 
cent, increasing only in the Wind Kiver Basin. About 12 
per cent of this activity was in the Big Horn Basin, 29 
per cent in the Wind Hiver Basin, 12per cent in the Green 
Hiver Basin, 42 per cent in the Powder Kiaver Basin, and 
fave per cent miscellaneous. 


New field discoveries were at Borie, Glenrock, Hay 
Creek, Lake Creek, | ightning Creek, Little Sand Draw, 
Lodgepole, Lonetree Creek, Murphy Dome, North Meadow 
Greek, Kuverton, Sage Spring Creek, Salt Wells (gas), and 
south Frisby, a total of 14, as compared with the 17 
fisted in the 1948 report. Deeper tests proved the Ten- 
Sandstone to be productive of oil at Beaver Creek 
and the Leo Zone at Little Buck Creek. 
These and other important exploratory wells are detailed 
in Table 2. 


siee; 


and Golden Eagle, 


About 50 per cent of the oil wells and dry holes 
Griiled in the State in 1949 were in Weston County, in 
the Mush Creek, Skull Creek and Fiddler Creek Fields, the 
Hay Creek, Lodge pole, and Lonetree Creek new discovery 
areas, and at outlying locations. (il well completions in 
the four yunties of the Big Horn Basin dropped from 
about 155 in 1948 to 80 in 1949, because of the 
of the black oil market. In fact, oi! 
were fewer in all counties, exc ept Johnson, Laramie, 
Washakie, and Weston. 


weakness 
well completions 


Fik Basin (all pools, Wyoming side only) retained 
first place in oil production in 1949, followed by Salt 
Creek. Lost Soldier displaced Steamboat Butte in third 
piace, ancWorland displaced Oregon Basin in fourth place. 
Lance Creek remained in fifth place, as it was in 1948. 


The following tabulation "[" compares the 1948 and 1949 
16 fields which produced more than 
bbi during either year from all zones and pools. 
The decline inproduction of some of the black oil fields, 
and the new production from the Fiddler Creek and Worl and 
Fields i& very noticeable. 


production in the 


L000 


TABLE C - DRILLING AND PRODUCTION, UTAH 
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TABLE "D" .~ MAJOR FIELD PRODUCTION, WYOMING 


1948 - 
Pig Sand Draw 2, 590, 310 
By ron 
Elk Basin 
Fiddler Creek 
Frannie 
and 
Hamal ton Lome 
Lance Creek 
Lattle Huffalo Basin 
Lost Soldier 
Mush Creek - Skull Creek 
Oregon Basin 
Salt Creek 4,647, 668 
Steamboat Butte 3,753,968 
Wertz 2,229, 315 


Worl and 1, 576, 108 


2,002, 
3, 128,320 
3, 247, 131 
1, 243,093 
3,050, 392 
1,270,011 
3, 485, 823 


Total from 16 fields 41, 398 , 987 


Iotal State 54,927 ,473 


Stanolind Oil and Gas Co., as unit operator of the Elk 
Basin Field, placed a combination repressuring, gasoline 
and sulptmr extraction plant inpartial operation in March 
1949, and operation in all phases in October. The intake 
capacity 1s 12 MMcf per day, composed of eight per cent 
inert gases, 18.5 per cent HoS, and 73.5 per cent hydro- 
carbons. The plant has a productive capacity of 54, 200 
gallons of gasoline, butane, and propane, 4.2 Wicf of 
marketable natural gas which 1s delivered to the Billings 
pipe line system, 14MMcf of inert gas which 1s compressed 
to 1,00 psia and returned to the Tensleep sandstone for 
pressure maintenance, and74 long tons of sulphur per day. 
Sufficient water and natural gas were not available econ- 
omically for secondary recovery operations, the gas pro- 
duced with the oil was not marketable and was flared prior 
to completion of the plant. This resulted in complaints 
about the hydrogen sulphide gas in the atmosphere. 


NUMBER TOTAL 
)F WELLS DRILLIN 
DRILLING FOOTAGE 


* Millions of Cubic feet. 
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Pure Oil Co., @S unit operator, was constructing a 
gasoline recovery plant, and Texas Gulf Sulphur Co., a 
sulphur extraction plant, in the Worland Field, which were 
nearing completion at the end of 1949. About 43Micf per 
day of sour gas, containing 30 per cent HoS, was burned 
and flared in the field in 1949 to avoid the toxic effects 
of the gas. The burning of the gas created 291 cu ft of 
sulphur dioxide and 806 cu ft of carbon dioxde per 1,000 
cu ft of field gas. The flared gas seemed to have an in- 
jurious effect on certain agricultural plants in the fer- 
tile valley and caised compl ants. Drilling was curtailed 
the latter part of the year untal the recovery plants 
could be com leted and unitization of all producing tracts 
attained, which was finally effected on May 1, 1990. The 
sweet gas will be sold through the new Worland - Cabin 
Creek pipe line of the Montana-Yyoming Gas Pipe Line Co. 
and the Montana-Dakota Utalitaes Co., Bowdoin-Cedar Creek 
system in kastern Montana and the western Dakotas. The 
sulphur plant will extract about 300 tons of sulphur per 
day from 30 VWMcf of gas. 


Roth of these projects are major conservation measures 
to make the extremely sour gas in these large fields 
usable, to maintain pressure in the oil-producing forna- 
tions, and to produce a quantity of pure sulphur from the 
gases, 
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TABLE E - DRILLING AND PRODUCTION, WYOMING 


ANNI AL GAS‘ 
MAR. 

KETED 


26, 445 
28, 317 
30,029 
3] 9%) 
35,999 
36, 357 
33,759 
39, 512 
44, 233 
45,432 
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| 
§ 1948. 1949 
| 1949 - BBL 
9,214,832 Shy 
1,440, 644 
5, 322, 697 
1,258,379 
1, 304,853 
1, 186,761 
1,491,081 
2,789,527 
594,016 
3, 245, 572 : 
1307 979 ae 
1,600, 
3,939, 10 
2,219,054 
35, 293, 520 
47,884,053 
| 
| WELLS WELL PRODUC. 
YEAR | STARTED MPLETEL TION 
1940 | 31 | 233 496,005 122 25,906, 481 4 38,943 
a | 1941 | 24 | ARO, BA4 111 332,R1' A 43, 109 
1942 | lf 179 483,025 104 32,855, 79 6 46, 471 
1943 | | 621, 93¢ 10? 34, 230,711 48 476 
1944 | §2 | 314 961,559 177 33,241,581 f 51,02 ; 
1945 | 4 320 987 ,473 151 36, 265,71 13 51,673 hi 
1946 | 51 258 791,439 | 127 9R1, 379 13 49. S#R 
1947 69 IGF 1, 287 , RO 1AR 44,739,94 14 57,740 
ay 1948 | 170) 758 2,742,75 38K 54,927 , 473 10 72,072 2 
1949 | 154i 671 2, 625, 648 24 47, 24,052 83. 238 
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Af 348 TABLE | 1L AND GAS PRODUCTION STATIST FOR COLORADO DURING 19u9 | 
Pe 1G | ENSATE 
= 1949 in (F,L) 5 SI 
79,319 1,0% 35 
127 1, 0% 35 
9 1) 722,817 7, 264 
a na 47 15, 706 7, 
il 1944 ax 325, 7.48 237 
| 15 948 ( (F,L) 148 x 
| 6 4 53,4 
| 876 9,000 4,011,058 | = 
9 | 1, 1, Abd 
2) Unkot 1938 wr 184, 19% 
ae 22 (reasewoud, & 199 ux 1B, 6.22 | 
Wasatch * (gas 19% 3, IK 34, 339 2,476, al 
Wasatch (orl 1934 1,060 047 61,371"? 
25 Totals 11,397") 
Wasatch * 1929 1, ax 11, 398 x x 
Total s 13,037, 404 22,657 
Mage 1928 136, 604 74 
¥ 1927 1, 19, (F) 224 (F) 
11 1927 11, 259; 02 474,957 F)1, Ls 
9,299 35, 1 
“4 1947 D, 41 18, 534 
15 3A, ABA 36, STE 
19% | #82, 701 120, 169 0, 0/oil 
6,634,028 84, 145”? F) | 
43 1924 l 4,721, 248 12, 428 i 
1977 ¥ 0,934 4,947 
5 1927 6, 6,77 ye | 
} 
& 1448 7A SI ‘Ai 
Dukota * 19% 17> (FP B 
Totals 97.779 63,47"? 16. 7465 2,545,°"" 
32 Wasatch 1931. 19% 403,07 64, 545 16, 864 2, 538 x x 
3 1949 199 15 15 
4 Rangel y in 22,81 9, 633, F,L) 18, 2884 F,L)6, 770 
5A Hargely, Blan 194) 20, 882 19, 968 
| Rangely, Blanc 1933 | 19, 3.618.628 19,258,803 O(F,L)18, 288(F,L)6, 770 
$8 | Red Mesa, la Plate 1924 6,% Abd F) 
41 hatreds * 1927 ax 
a2 1925 2,08 47,489 F) (F) 
63 a 19% 1,92) 449,89 65,514 F (F) 
Wasatch * 1917-199 4in SI 
65 Totals 2, SRT, 321 (F,L) 2,818 {F,L) 270 Al 
67 Fatrada 1941 7, 243,06 1, 279, 183 
48 9,79 124, 444,774 23,580,369 31,007 71,035% 13,523) | 
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a 
| 
4 
at 
| 
FS ‘ 
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PR Rua N 
[5186/81 € | < z <4 2 5 
+—— + + + + + + + 4 | + : 
2 l 0 ( { 2,% i | 9654 
| 4] 2 1,05 | 9.084 : 
§ 4 l 2 I 1. 
| 6 | ( ) ( 2 1,31 4 15 | 
fin 3 ( Var A 6, 145 
4 } 10 | q “ A | 1,625 
12 3 3 Af | 3, 88D 
| | ta 0 | A | 3,562 
3 0 1, 4 4, 7 | 8,558 
15 l ( ( 2,50 i | 8, 286 
| } 3 », ax 6, 35 | 7,0% | 
| 1? 535 71 Var. | 4,545 
18 18 0 4,49) | 70-27 5,206 
9 Ml he 04 | A | 2,500 
21 "190 | 1590 | | 1,752 
| | 22 1, 6, 67" | 7,062 q 
| 93 | P ( ( 1,100 | Vas 2,24 3 7, 577 = 
f 0 5 = | 4,601 
5 0 0 0 4 500 | 470- Lam 
| l 0 ( 0 1, 4x 4 6,04 | 
| 3 2 ( 3 0 2,008 12 
0 2,20 4: i 4, 942 x \ | | 5,708 
| 2? 0 ) ( 099 
| ( 0 0 0 ( 4 1,51 
| | 1 0 { 0 6, ROS la 
| 16 0 ) | 4,852 
| | 7 0 ( 4 1, 1,89 25 | | 
l 1, 1, x9 5 4, 23 
0 0 f 6 ( 1, 38 4,55 | 
146 | 0 1, ~ 4 46a 4 (Mu 7,005 
47 l 0 1 f 2, 1a 6,46" 25 A | 7,135 
0 0 ( 1, 250 | 1, 25 1, I | 4,900 
49 0 0 ) x D } 12,019 = 
5 0 0 0 0 1 $a (¢ Aa ‘ | 
: ls 0 | 6,058 | FS 
52 15 0 ( 5 7 62-1, 700 | 1, 110.159 | 
533 1/ l 1,89 BS 5, 35 | 
54 | | 48 6} 151 | 402 1 vf; | 7,173 
is 55 ial 6 0 4 h (Var 
57 4) 9 0 151 ( 750 1,49 3 6, & 1s | 
0 0 4 "(3,49 D | | 1,84 
59 ( 3 D | 
A 2 ( ( 4 am 
| 62 17 | { § Var = 
| 64 | 7 ) 0 1, 70 | 14 D 7 O05 
32 1 0 22 D | 12,703 
| | 15 9 5 ) 1,829 | 1, Ane A, WE 
le | i ( 1? 2, 4,78 
| 68 | 1,602 ul 7 32 
| 
| 
| 
4 | 
L L L i i i i A i | i 4 
: 


GAS PRODUCT! 


Apex, Color ato 
(Cane ttitte) hootena * 
teematyne, Teton bilas (fmrick “d) 
Hears Lew thert , 

Hears Den therty (oloran 
Hears bien ihert Noot ener 
Hears len, tilis 
Herthelote, 
Hag Wall, Pussei she 

Horder, Hed Goulee 

toe ad Arrow, Toole hootena 


. 


lowes, Totals 
Howes, " bagle * 
thers, un tilis 
hootenar 
Cassaty, tagle * 
te iad lotals 
Creek 
Creek, Color 
(reek, somFilis 
(reek, (olor Kootena 
brrison-bilis 
edar Creek Fallan lotals 
edar (reek Judith Haver 
edar 


ULreek, 


Ureek 
lark Fork, 
dark Fork, bon Frontier 
lark Fork, Dukota * 
onral Midway, | hoot enaa 
ait tank Tot al « 
ut Hank, & Kootenai 
ut Henk, sun 
Levils 7 lau Snowy 
Levils Pocket, * 
Levan lotals 
Levan, (olor ak 
(evan é son 
Ury Creek ¢ lotals 
Frantier 


Tot als 
brontier 
lensleey 
Mala sor 
lotals 
Hasan, trantier 5,89 
Hasan, Lakota * l i converted 


lotals 797 
Colored * 

Coulee hoot ena: 

Frewie Cur? 

bred & George Cr 

(ange, 

auiview hert 

Havre, tagie ° 

Haystack Hutte, Lider? Colormip 

Ingmar, Ao 

Jack Creek,  ardon 

Kevin: 

Kevin: st 

Kevin: st 

Racking ftorse 

(oloraip 

Kicking Horse tilas * 

Kremlin tagle * 

Lae ater lotais 

Lake Hasan, Of er Frontier 

Lake Hwan 


hu ver 


ount 


Hat tleanake Hutte \ hootenar 

mer 

Heagm, er 


Totals 


Kean, ad san 


| 
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heed > N A PR T N PR TION 
| « MILLION 
| > xo x 
| 6 4 4,674 an 1, 
193 nd Ned a 
192 124, 4 $2,681 8,077 
L729 1,72 | 13,432), 4 
15 19% 13,432, 1,141 
6 1,72 1,729 ah 
I7, 46, 499 459,791 | all 
\ 
4 % 194 
43, 008 7,231} 1,053 4 
1.947 | a 
j 1944 (n 7,947 Nei al 
63,547, 169 3,4%,516 | | 203,858) 18,796 
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w 1949 I 
| 4 1,232 a 
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~ 196 é | 
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} NUMBER WELLS PROF N ARA EEPEST TONE TESTE . 
2 t + + + + + + + + + 4 
2 4 { 1, 2a l4 i Meats san 
| 6 4 ( 0 2 1 
| 7 ( ) 0 1 | = 
3 f ) ) 4352.40 | | N 
il 24 0 { ) 2 x N 2,852 
0 wo | 45 | TN 2, 633 
% 3 ( hs 670 | | I is 
0 |} 19 Af 4, 708 
15 2 0 19 65 “+ 
I? 0 ) ) Af 1, 285 
| | 18 4 ) 47 N 18% i 
21 19 2 19 T? i i 1, 
22 55 3 49 7 DI 5, 205 
23 44 0 ) 4 i 1,31 17 
| 178 ( 7 +9 1, OF) 2, 685 
25 A 7 ( 49 1, 70 D3 } 
| 279 | | 0 | lj Dl — 9, 
| 2] 1} 0 | A 446 
$ 4,44 ir 
4 l ( 0 0 2,35 7. San 
5 | 1,35 » 2 137 7 ! 
¥ 44 4 
; a7 4,081 
| 0 ) 2 4% 
42 1 0 5 bf | 8, BA2 
43 ) ( 8 | 4, 4 
“4 ( 1, 251 5, 5% 12 
47 32 1} ! 31 1, 1.7 5,075 | 
49 4 l Df | Madisan 6,957 
51 1} 4,575 x 
¥ 1 4, 445 2 3,697 
1 f ( 7 7, 495 
Al 2 9 73 4, 195 
62 12 as Af | 1,637 
66 | 2,498 4 24 4, 916 
Tl 0 ( l 755 4 
73 x 0 ) 2! 4 6,007 
4/15 | 1, 30-3, 04 
7§ ( 2 4 1,94 14 
4 ( ( ( lf 75 Mi 1,@2 
5 4 f 5 4 4, 2K N 7,625 
79 8 0 } 1S Ax 1, 2a cs 
l 0 ( i h 1,775 N 
a2 0 3 4 4, 4 6,312 
9 0 0 4 Af 4, 61 
84 2 4 | 3 4 4 D | 6, 258 : 
| oy 1] 29| 2 2,39 5 
21} 3 | 14 3 | 1,90 3, 15 | 
u i i i i i i i i i 4 
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352 TABLE NTINUE IL AND GAS PRODUCTION STATIST FOR MONTANA 
4 Sherard (Sund Creek), Ohoteau | tagle * 
(Lothar art lotals 704 
| Utapaa, erty Filas * 1947 4 
7 | Wael lotals 07, 1,79 14,451 R44 
| 98 | Whata 19 ip 11,00 
4 | Fer 1935 1, 
4 102 | Golder Val Le Wap 457 
| 
73, % 158, 92, % 4, 1, 1K 0,02) | 515,3R1*) 41, 245 
TAPL ANC GAS PRODUCTION STATIST FOR NOPTH DAKOTA 
ie af 
Af TAB AND GAS PRODUCTION STATIST FOR SOUTH DAKOTA 
| 
TAPLE 1 iL AND GAS PROULUCTION STATIST FOR UTAH 
| | Uintah lotal 44, 67 i 72 
4 4 Morrisan * oe (mie s.1 
i wun Juan lotals ny 4,4 
imkota, Morrison * 4,00 i, 44 F. 
ll Dakota ° 193 4, 24 A), 14 
ork) ( Dor ‘penkop. * tin 1, (CO, Gass 
peer Valley, Garfte her) 1949 1,000 1,000 
| 3 fooriside, 19.4 I “tL Ga 
[| 21 mn 4 6, 338 D3, 213 19 4: 
TAR SAS PRODUCTION STATIST FOR WYOMIN( 
AN GA ‘ A n i 
| Alkali Hutte, fremont lotal « (F 
Alkali Hutte, fremont ¥ | 
4 | Alkali Hutte, Fremont Lakota, x Al 
Allen Lake, Cardo ALS Nod 4 
Alien lake ar hom | x | 
| Allen Lake, Carbor 197 | 
A | Allen Lake, Fast, Garton 4, ADE =f 
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| Allen Lake, Fast, Carder ‘ 7,724 
17 | Healey (ame, Carton lotal 4,44 “| 
Totals A44 (3) 
> Totals mou x 
* ukota ‘ AZ? v x 
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354 TABLE OIL AND GAS STATISTICS FOR WYOMING a 
| N A PR TIO % 
MILLION 
Te lo 
1724 7 on “7 544 
| %2 4,9 16,97 46, 178 
3 947 47% x "ae 
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Canyon (reek, keetuuter Wasatch * 41 t 
Casper Creek, “o., lensleg 92 n Nui 
TR Casper Creek, So., lotals 149 4 
ager (reek, Wat ron Tensleey 
al Castle Creek, Satrom — 1948 
M4 i 
Carcle Hodge, fremont 197 
Carcle tudge, fremont ae 4 
ole Creek, Matron, Comverse 445, 06 
ole Creek, Matrona, Comerse og) AS 408 if 
7 ar bom wx rs,% 
rata ‘anne 4, If + 
= “4 mont jotals a1, RF { 
r Aig 1919 Nan- cam 
Lelia rerant in x i 
WL | tanker, No. , Part 1948 
Ww? fremont 42. ax 
oy 


Casper 


Mach san 


Lretaceuus 
Vowry 
Madi sow 


lensleg 


Carlile x 
@ 
lane 
Vorris® 

son 
san 


Morrison 


“orm sor 


Neer t 


son 


Ohugwater 


lensles 

Maeda 
Ven-“hs 
Vhosphoria 


Maca san 
son 


‘ach son 
san 


Minne] use 

Pierre 

Hear buver 
| lensiee 


| 
} 
2 RAYMOND M. LARSEN 355 
NUMBER | WELLS PROD NG PR ARA TONE re 
| | WELLS OF 1949 TO EN 1949 
| > = j a = x a 
9 \ D | Amsden 10,903 
| 33] } l 7, 45 ‘ 
| ¥ ! 4,749 | 4,77 0,40) 29 
4 ] é 4 J 
46 ( 4 0 992 2 
52 0 0 ( 12 1,08 
0 ) ) 1,904 1, i ; 
<4 0 9 1, 4,44 15 
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0 0 ) 0 ¥ 4 
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FOOTNOTES FOR ENTIRE TABLE 2 
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Note: This list includes exploratory wells completed during 1949 below 2,500 feet, 
and successful wells of shallower depths. 


ABBREVIATIONS USED 
NFW - New Field Wildcat DPT - Deeper Pool Test 
NPW - New Pool Wildcat OWDD - Old well drilled deeper 
OP - Outpost (1 mile or more from a NC - Non-commercial 
previous producer) 
Name of newly discovered produc- 


; ing zone and top depth 1s given 
SPT - Shallower Pool Test under remarks. 
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DEVELOPMENTS IN THE TEXAS PANHANDLE AREA IN 1949 
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Oil And Gas Developments In 


Texas Panhandle Area 


During 1949 


UGHERTY, 


(The Texas-Hugoton Field 1s reported with Hugoton Field) 
Both field development and exploration activities in- 
1948, with greatly ins 
"wildcat" drilling in the counties north and south of the 
Texas Panhandle Field proper. 


creased over the year reased 


OTL 

Luring the year 1949, 597 oil wells were 
the Panhandle Field amd one oil well was completed in the 
new Lips Field, Roberts County and one o1! well in the 
new Palo Duro Creek Field, Sherman County. The oi! devel- 
opment in the Panhandle Field consisted primarily of 
extensions of the Dial-Stinnett trend and infill drilling 
in Carson, Gray and Hutchinson Counties. 


am leted in 


The Panhandle Field produced 33,014,852 bbl of oal, 
annual volume since 1944. The cumulative oil 


1950, was 640, 905,000 bbl. 


the largest 
production as of January lI, 
GAS 
During the year 1949, 131 gas wells were completed in 
the Panhandle Field, a temporary 
rate resulting from the proration of the 
One gas well was completed in each of the new fields dis- 
covered in the area during 1949, proving up two new lower 
Pennsylvanian gas reservoirs. 


increased development 


sweet gas area. 


The metered gas production in the Panhandle Field 
totaled 833,210 \Mcf and the net volume of gas produced, 
including estimated gas wasted less gas injected, totaled 
A49, 233 Mcf. The cumulative production of gas to January 


1, 19590 as estimated to be 16,518,482 \Mcf. 


Natural Gasol ine and Liquified Petroleum Gases - A total 
of 610,000,000 gal of natura OOF 
gal of propane and butane were produced by 
plants during 1949 from the processing of approximately 


5 billion cu ft of gas. 


gasoline and if’ , 
gasoline 


Carbon Black - In 1949 
black were produced from 229 billion cubic teet of ge 
weighted average recovery of 1.44 pounds of black per 
of gas consumed. Stocks of channel black incre 
13,471,000 pounds to 48,539,000 pounds during 


374,000, pounds t 


CONTINENTAL BLOG., DALLAS, TEXAS. 

MANUSCRIPT RECEIVED AT THE OFFICE 
NOVEMBER, 1950. 


Furnace black operations yielded 90,626,000 pounds of 
bl ack 10.3 bal 
average recovery of 818 pounds of black per Mcf of gas 
Stocks of furnace bl ack increased from 7, 447,000 
111,000 pounds during 1949. 


from lion cubic feet of gas, a weighted 
onsumed, 


pounds to 10, 


Exploration Activity - There were no major extensions of 
the productive limits of the Panhandle Field in 1949, 

Exploratory efforts in 1949 culminated wath the dis- 
covery of two new fields north of the Amarillo Arch. The 
discovered the Laps Field, 
Sub- 
commercial o11] production was found in the Upper Missis- 
8,900 ft 


inclaiar and Gas Lo. 


Roberts County, Texas by gravity and seismic work. 


sippian limestones at and two Pennsylvanian gas 
reservoirs were | roved on the same structure at depths ot 
5,350 ft and 8,028 ft. ‘ 


The Phillips Petroleum Co. discovered the Palo Duro 


Creek Field in southern eastern Sherman County, lexas 
with the development of commercial gas production in the 
5,380 ft, 
5,90 ft. The structure was discovered by subsurface 


geology and seismic work. 


lower Pennsylvanian at and o11 production at 


Several "wildeat" tests drilled in 1949 and drilling 
in 1950 are apparentiy defining the limats of the new 


fields, particularly with respect to the oil producing 


horizons, 


Interest in the south plains country, the counties 
south of the 

exploration for “reef” trends in the northern part of the 
We st Leasing and geophysical work were 


Panhandle Field, was intensified by the 


lexas countiés, 
n 

active. The results of “wildceat’ tests in this area were 

not nceouraging, but the density of tests per county 1s 


till very iow 
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Oil And Gas Developments In 


Hugoton Area During 1949 


By J. 


GENERAL 


Actavity in the Hugoton Field of Kansas, Oklahoma and 
Texas reached a new high in 1949 wth the completion of 
639 new gas wells, a 2) per cent increase in completions 
over 1948. 

PIPELINE ACTIVITY 

A new major pipeline from the Hugoton area was placed 
in operation by the Michigan-Yisconsin Pipeline Co. from 
Sherman and Hansford Counties, Texas, to markets um Vich- 
gan and Wisconsin. Initial delivery capacity 1s approxi- 
mately 320 \Mcf per day, with major increases proposed 
for 1950. 

The Plains Natural Gas Co. acreage in lexas County, 
Oklahoma, and Stevens and Seward Counties, 
placed under long term contract by the Northern Natural 
Gas Co. 


Kansas, was 
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EXPLORATION ACTIVITY 


lhere were no major extensions of the proved produc- 
the Permian producing section of the Hugo- 
1949, 


tive iimats 


ton gas field an 


1948 culminated in 1949 
along the 
In Morton County,, 
1 Bear well, 


efforts of 
with the development of two one-well 
borders of the Kansas-Hugoton Field. 
Kansas, the Stanoland Ol 
producing gas and condensate from the basal Pennsylvania 
at 5,900 ft was designated the discovery well of the 
Richfield Field. The Stanolind Oil and Gas Co. No. 1 
Wheatley in Seward County has been designated the discov- 
ery well of Field, producing o1l from the 
5, 100 ft. 


The exploratory 


and Gas Co. No. 


the Kismet 
Marmaton group at 


In the southern part of the Hugoton area, in Hansford 
County, Texas, the Phillips Petroleum Go. discovered both 
oil and gas production in the Pennsylvanian section below 
5,000 ft. Although within the limits of the Hugoton field, 
these new discoveries are discussed with the Oil and Gas 
Developments in the Texas Panhandle, as they have no par- 
ticular bearing upon the development and production from 
the Permian gas reservoir. 
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Oil And Gas Developments In 
Pacific Coast Area During 1949 


By L. PORTER * 


INTRODUCTION 


The Pacific Coast area, consisting of Arizona, Cali- 
forma, Nevada, Oregon, and Washington, has experienced a 
phenomenal development subsequent to the discovery of gold 
at Sutter's Mill ain 1848. Such development has not been 
one of change, but rather attributable to the vast occur- 
rence and blessings of the area's many natural resources. 
Though gold initiated this spectacular growth, the dis- 
covery of commercial quantities of petroleum within Cala- 
fornia-- some 16 years afterward--marked the birth of 
another great natural resource industry, destined to 
supply about 90 per cent of the current energy require- 
ments of the Pacific Coast area--a section of the nation 
comprising 18.5 per cent of its land and having over 10 
per cent of its peoples. Since there 1s no other major 
fuel, the power supplied by the area’s petroleum 
has made possible the growth and expansion ofother essen- 


tial industries. 


CALIFORNIA PRODUCTION 

This state, upto the present, has been the sole source 
of thePaci fic Coast’s domestic petroleum supply. Further, 
the importance of oil to the economy of this region is 
partially reflected by the fact that the accumulative 
value of California's past petroleum production 1s now 
over &9,46 billion, or 4.2 times greater than that of its 
gold to the same date. Petroleum production and refined 
products accounted for 83 per cent of the state's com- 
Bined mineral output of $1.1 billion in 1948, the latest 
year for which complete data are available. 


The year 1949 confirmed the trend of oversupply begun 
in 1948, particularly in crudes; this condition 
resulted in an addition of I8 per cent to petroleum 
stocks during the year. From a peak production of 949,900 
WD of crude oil in March, the voluntary program of shut- 
ting in or pinching back production some 130,000 KD 
caused a reduction in rate to about 867,957 B/D by tlhe 
year’s end--the lowest since 1944. The daily average pro 
duction rate for the year was 912,170, or 2.1 per cent 
below 1948, the peak year. Currently, California produces 
about IR per cent of the nation’s crude; at the end of 
1949, ats accumulative crude production amounted to &, 3 
billion bbl, or 21.3 per cent of the United States total. 


heavy 


In terms of total bbl, California produced 332,942, 15¢ 
bbl during 1949, compared to 340,074,480 bbl during 1948. 
The monthly production and producing wells are shown in 
the following tabul ation: 
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TABLE | CALIFORNIA OIL PRODUCTION AND PRODUCING WELLS 
1949 


NUMBER 
PRODUCING 
PRODUCTION 
TOTAL BBL 
29, 172,728 941,056 
February 26, 536, 255 94797 23 
March 29, 446,872 9497899 
April 8. 276, 608 942,554 
May 28.748, 682 927 , 377 
27, 626,954 9,899 
28, 121, 437 907, 143 
27,799, 790 896 , 767 
26, 968, 047 ROR, 935 
27, 187, 960 877,031 
26, 150, 166 871,672 


26, 906, 657 R67, 957 


MON TH 


January 


June 
July 
August 
Sep tember 
Uetober 
No vember 
Lecember 
Total 332,942, 154 

The above tabulation shows the effect of the cutback of 
production during the year. The cutback is more than 1n- 
dicated above due to the new development in the light oil 
fields. The best estimates show that the shut 
in 130,000 BYD at the end of 1949. This is 15 per cent of 
the state total production of December 1949. 


State was 


The Conservation Committee of California 011 Producers 
continued its plan of classifying the fields and pools 
and unscheduled. The scheduled classi- 
fications include fields in which it is believed 
that conservation will be realized by restricting the 
production of oil or gas. For fields or pools in this 
classi fi the Conservation Committee regularly 
issues schedules of recommended rates of production. In 
December 1949, there were 146 pools in the scheduled 
class whose estimated Maximum Efficient Rate, or WER, was 
$93,440 B/D. The estimated production of unscheduled 
pools was 393,494 B/D. When 
completions and certain MEK not available for pro- 

the rate tor becember 1949 was 
yD. The actual production for the month was 
WD. 


between scheduled 


those 


ation, 


adjustments were made for new 
well 
duction, recommended 
90. 406 


RAB, 025 


During 1949 the ten largest oil fields produced 47 per 
of the state total. Comparing the 1949 ten largest 
fields with the ten largest in 1948 that two fields 
have replaced fields listed in the 1948 report. The new 
are the Cuyama and the McKittrick Groups. Of the 
ina new 


cent 
shows 


fields 
two, Cayama is the more spectacular because it 1s 
Calitornia geologic province and was not produced before 
1948. McKittrick, on the other hand, 1s am old area which 
has been stimulated by and extensions. The 
production and producing wells of the ten largest fields 
are shown in the following tabulation: 
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DEVELOPMENTS IN THE PACIFIC COAST AREA DURING 1949 


PRODUCT OF TEN LARGEST FIELDS IN 1949 
CALIFORNIA 

1949 NO 

PROD. 

M BBL 


TABLE 


ORDER OF 


MAGN | TUDE FIELD 


43, 509 
21,040 
21,035 
17,022 
13, 907 
12,757 
11, 379 
A, 349 
8. 066 
6, 509 


Wi lmangton 
Ventura Avenue 
Huntington Beach 
Coalinga Nose 
Buena Vista 
Midway Sunset 
Kettleman No. Lome 
Long Beach 

Guyama Group 
McKittrick Group 


Total 163, 983 


State Total 340,074 


DEVELOPMENT 


During 1949, 1,723 new wells were completed in 89 
fields; their combined initial “scheduled” production 
rate was approximately 237,000 B/D. The well completion 
rate reached a peak in May with 184 new wells; subse- 
quently, the rate declined to an average of 122 wells per 
month by the end of the year. The Placerita Field led 
with 228 new wells, followed by the fields of CGuyama Val- 
ley and the Wilmington Field for second and third place, 
respectively. By the end of the year, the number of active 
drilling wells had declined some two-thirds from the 
Jammary activity, thus showing a definite restriction in 
development actavity which 1s confirmed by the reduction 
of new well notices in December to about one-half that of 
December, the previous year. A comparison of drilling 
activity for the period 1940 through 1949 1s shown in the 
following tabulation: 


TABLE 


DRILLING 
NOT! CES 
FILED 


DRILL ING 
WELLS PROOUCERS 
ABD. ABANDONET 


1,042 
1,215 
R99 
1,493 
9 979 
2, 132 
1,812 
2,094 
2,759 
2,455 
DISCOVERIES AND RESERVES 
During 1949 a record of 588 exploratory wel ls 
drilled for acombined footage of 2,138,500 ft. Twelve new 
fields and pools of consequence were discovered during 
the year, the most important of which occurred at South 
Cuyama, Guijarral Hills, Russell Hanch, Padre Canyon, and 
Placerita. According to the American Petroleum Institute’ s 
annual reserve report, 164 million bbl were added to the 
state’s proved crude reserves through the new field and 
pool discoveries. The estimates for California are sum- 
marized below: 


were 


375 


ESTIMATED CRUDE AND CONDENSATE RESERVES -- CALIFORNIA 
1000's bb1 ) 


As of 1- 1-49: 3, 763, 
166, 195 


225,915 


1949 Discoveries 
Kevisions, Extensions 


4, 155, 693 
332,942 


3,822,751 
Net Change 9, 


Less 


1949 Production 
As of ) 


1-% 


California’s per cent U. S. Reserves 15. 5¥ 

Calafornia’s most important discovery in the last 
decade occurred in 1949. Thais was liachfield Oil Company’ s 
discovery of the South Guyama Field. The discovery well, 
Homan #81-35 an Sectaon 35- ION-27, was conpleted on May 4, 
1949 for an estimated rate of 4,888 WD and the settled 
initial production was 604 H/D. By December 1949, 61 wells 
had been drilled and the production averaged 9,422 B/D 
fram the field. An important feature of the discovery was 
that it revived an interest in exploration in Califorma 
and demonstrated that further discoveries are highly prob 
able. The most spectacular development in 1949 was the 
drilling up of the Placerita Onl Field. Placerita On! 
Field was orieinally discovered in 19%) and oroduced small 
amounts annually untal 1949, In January 1949, Kamon 
Somovia initiated a new development in a northward exten- 
sion of the field by bringing in Juanita #1. This well was 
completed for an initial production of 340 BVD of 22.4° 
gravity crude. By September 1949, the pool which 1s known 
as the Juanita Area, reached an estimated peak of 34,000 
HD and by December had declined to 25,318 bbl. Most of 
the production came from an 80 acre town lot area where 
IR2 wells had been drilled in the eight-month period. 
This extensive drilling program was possible because 
California’s well spacing act was nullified by the Super- 
ior Court as a result of litigation in the Placerita Ol 
Field. 


16 new fields and pools were discovered as a 
1949 exploration activity. A list of the dis- 
as reported in the Annual Heview of the Conser- 
vation Committee, 18 shown on page 374, 


In all, 
result of 
coveries, 


EXPLORATORY ACTIVITY 
OTHER PACIFIC COAST STATES 


In Washington, exploration was mich less intensive in 
1949 than the previous year, the most important taking 
place in Grays Harbor and Kitsap Counties. At Grays Har- 
bor County, the Union Oil Company of California drilled 
a depth of 9,344 ft. Tests of showings 
intervals 3,670 to 4,400 and 4,663 to 4,676 ft 
qantities of light oil and a little gas. 
In Oregon, one wildcat well was abandoned at a depth of 
6,480 ft rocks. In Arizona, several wells 
were drilled in the Winslowlolbrook area in the north- 
state; so far as known, the 


its State #3 to 
trom 
yleided smaii 


in met amorphaic 


easterly 
results were disappointing. Leasing and exploratory work 
greater than that state hadever experienced 
Major and independent companies leased uy 


portion of the 


in Nevada wa 
previously. 
nany thousands of Federal and private acres. A number of 
geologic parties have been active in the eastern part of 
the state and it is reported that some exploratory wells 


will be drilled in the near future. 
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DEVELOPMENTS IN THE PACIFIC COAST AREA DURING 1949 


PETROLEUM SUPPLY AND DEMAND 

The Pacific Coast situation in 1949, as reflected in 
trends from Bureau of Mines reports, shows the demand tor 
the year averaged 958,000 B/D, a decrease of 1.46 per 
cent from 1948 average of 972,000 B/D. The year's supply 
averaged 1,910,000 B/D, or less than | per cent variation 
with the previous year. This condition resulted in an 
addition to petroleum stocks of about 19 million barrels. 

The demand for gasoline for the year proved to be 
about the same as for 1948, thus confining the decreases 
to fuel oils. The heavy fuel o1] situation wa 
in the fall and winter, through fortunate resumption of 
shipment of residual fuels to the East Coast. By the 
year’s end, such shipments amounted to about seven million 
barrels. It 1s to be noted these heavy shipments show 
promise of continuing well into 1950. 


improved 


A comparison of the stocks of the principal products 
held in the Pacific Coast Territory strict V) for 
years ending 1948 and 1949 1s shown opposite. 


TOTAL STOCKS IN PACIFIC COAST TERRITORY 
{ Thou sands of Hbl) 


31/49 


PRODUCT 12 


12/31/48 


Crude Petroleum 33, 627 


Londen sate 
Natural Gasoline y 681 
Laque fied Petroleum Gases y 283 
Gasoline & Napthas 14,739 
Kerosene & Kerosene 

Instillates 


1,095 
Lubricating Oils & 
Listillates 

Stove Ohi & Dhesel Ohl 
Fuel Oil 

Asphalt & Koad Oils 
Coke & Other Fina 
Cracking Stock 


hed Products 
Other Unfinished Oils 


[otal 


+18, 431 


106,895 


SUMMATION 


The year 1949 for the Pacific Coast industry 
proved to be one of ample supply and lessening demand for 
the heavy fuels and a leveling off of the motor fuel. The 
consolidation of expansion of industrial activity 
the "peak post-war years was to have been expected, and 
the resultant influence upon the o11 industry 
overlooked. The shutting in of heavy oil, the decrease in 
drilling activity, the proposed changes in refining, and 
any continued Fast demand for heavy California 
fuels should all lend considerable the 
Coast's petroleum situation. 
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bane 1,514,524 A l 
474 Park 1935 é 
77 bast biberta Area 1943 
11, 4 
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Lanbarda 7.67 


491) Monroe Swell 
San Mateo County stmet 
Unidentified 


Coastal Heyion Total 


Los Angeles 
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+ 73 "4 77.9 ue r iAt hocene 
“1 
| 444 7] 72 x x x 
45 
K 4 77 % 93 ? af 
440 7 >| 19 
3) 1 4 
51 
456 
4 3 7 A 7 m™m \hocene 
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> NAM > < 
1947 x 453,901 145,051 784 
1931 x D, 315, 487 398 14,59 2,931 
19% 12,913, 217 491, 21,289 14 
1999 147,264 2 5 ale 
1, 1A2, 636, Bat 4,615, Rar 298,556 | 6,434 
5, 932, 94 384, 878 189 
521 x 4, 389, 468 W003, 443 
| 1941 1, 543, 273 181,435 87 
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1923 139, 110, 442 2, 62 
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528 1933 7, 105,247 1, 550 22, 242 148 
19% 1,525, 329 24h, 27¢ 289 2K 
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x 12,603, B12, 949 25, 1,273 Woe 
533 1941 1,426, 038 1,221 43 
Soo 1,444,204 140, 7R4 2, 2 657 
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Mao Jur 1935 ae 12, 139, GAR 127, 113 57 
Yao-Jur 1944 143, 347 5,739 19 B 
‘ 4, 20 438, 162, 153 431,93 14, 768 
4 | B10, 666 04 1,784 te 
192% 0,60, 72 0 1, 414 
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su 1926 KD AZ 7,751 
262,051,658 497 5, 182 
— Ag 169, 940, 4, 44 125,080 | 3,800 
1924 131,338,954 3, 415, 1,494 Ay 
| 562 1925 r,213 677 15, 148 559 
19% 15,931, 922 194 14,37 
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8, 224, 5A4 
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$?2 19% 41,937 ah 
4 x 1,9) 
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518 712 61 
585 1945 A491 75, 043 316 4 
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87 2, 846, 933 173, 198 
is 
91 199g? 423, 320 625, 359 413 
92 1934 10,465,851 155,419 
93 
595 19277) 243) 348 467396 4,556 
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? | 51 7 13 326 12 351 w.4) 115 | 
| 520 | 1 2| % | 
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a 1 21 
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41 
| $42 23) 2 25 3 SCq 6, 
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1} 3 9 1 13 
351 5 $12 23 34) 
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57 4 3 | 118 
571 1,082 | 1,116 
| 572 2; 25 
573 3 ‘ 
574 7 
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| 586 l 11} 2 
567 | 1 31 1 2 
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i 590 | ; 177 
593 | 
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305 - 21 ©.0 2.1 3, 1), AF Miocene 
506 
598 | 8} 2B 2 1 | lf 
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Oil And Gas Developments 
In 
Virginia 


During 1949 


West 


GENERAL 


A total of 700 wells were drilled in West Virginia 
during 1949. This figure represents a25 per cent decrease 
in drilling activity under the 1948 figure. Of the 1949 
figure, 427 completions were gas wells; 78 were o11 wells; 
24 were oil and gas; 27 were storage, brine and water- 
intake wells; and 144 were dry holes. There was a 40 per 
cent drop in oil well drilling under the previous year’s 
figure and a 27 per cent drop in gas wells. (9) and gas 
wells were 8 per cent less in number than during 1948. 
Although dry holes dropped percentegewise by 18 per cent, 
the percentage of dry holes to completions increased 
about 20 per cent during 1949. 


Well depths ranged fram % to 8,635 ft and total foot- 
age drilled decreased 614,282 under the 1948 figure, 
representing a 24 per cent drop. The total initial daily 
open flow of gas wells was 352,117 Mcf and the size of 
the gas wells ranged from 6 to 25,000 Mcf, 


as compared 
with § to 24,000 Mef in 1948. The total daily inatial oil 
during the past year was 842.75 bbl, representing a 34 
per cent drop under the 1948 figure. Size of o1! wells 


ranged from .25 bbl to 50% bbl during 1949, compared with 
-?2?5 to 130 bbl in 1948. 


Estimates of production for 1949 are as follows: gas, 
181,380,000 Mef; oal 2,852,500 bbl. The estimated number 
of producing wells at the end of 1949 are: gas 13,800, 
and 011, 15,000. The accompanying table reveals the sta- 
tistics of activities in West Virginia by counties. 
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DEVELOPMENTS IN BAHREIN ISLAND, SAUDI ARABIA AND QATAR DURING 1949 


| 

i I RZ A N 


ABADAN 


BUBIYAN 
SLAND 


KUWAIT 
lanra 


Madaniyat 


AHMADI 

= Mena al Ahmadi 

Field Terminal/ 


\N EU T RAL 


\ 
\ ZONE 


400 
47° 
| 
BASRA® 
| I R A Q : 
/ 
/ ~ 
/ 
/ 
/ 
Bahra \ 
/KUWATIT 
/ 
/ 
/ 
/ 
~ 
Jf = 
— 
29" 
: 
| 
A RA BIA \ 
\ 4 
48 K.0.C_LONDON if 


By BAHREIN PETROLEUM COMPANY LIMITED, J. T. DUCE * and N. E. 


BAHKEIN 


Production for the vear 1949 for Bahrein Island was 
10,985,484 bbi. Two new wells were completed in the 
Bahrein Zone, one dee; test well was suspended at a depth 
of 10,078 ft, and a second deep test was drilling below 


5,100 ft at the end of the year. 


The Bahrein refinery had a total through-put of 
56,059,699 bbi of crude, whichwas supplied by the Bahrein 
Field and by pipeline from the Arabian Fields. 


SAUDI ARABIA 


Production in Saudi Arabia during the year 1949 was 
174,008,629 bbl, of which 138,080,401 was produced from 
Abqaiq, 31,366,265 bbl from Dammam, and 4,561,943 bbl 
fran Qatif. The following new wells were completed during 
1949: 

11 at Abqagqg 
at Aan Dar 
at Dammam 
Fadhali 
at Haradh 


at (util 


= 
= 


At the end of 1949, atotal of 123 wells had been drilled. 
One hundred and four of these wells are capable of pro- 
duction, although production facilities are not installed 
for all of the wells. Twelve of the 104 wells are in 
fields that have no producang facilities. 


During the year, successful wildcaits were conpleted at 
Haradh and Fadhili. Haradh 1s located approximately 15! 
miles southwest of Dhahran. Fadhili 1s located approxi- 
mately 70 miles northwest of Lhahran. 
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Oil And Gas Developments 
In 
Bahrein Island, Saudi Arabia And Qatar 


During 1949 


BAKER ** 


The average through-put of the Ras Tanura refinery was 
126,766 H/D ver day. 


Construction 1s continuing on the Trans-Arabian Pipe 
Line. Approximately one-hait of the pipe had been welded 
by the end of 1949. Construction work on the pipe line 1s 
being done from both the easter and western ends of the 
sine. 

Luring the year, geological and geophysic al investa- 
gations consisted of three surface mapping parties, two 
eravity meter parties, one marine seismogr aph party, and 
two structure drill parties. lwo survey parties were do- 
ing triangulation and level work. 


QATAK 


Seven producing wells were completed by the end of 1949 
making the total number of producers ten. These are on 
the Dukhan structure ain Western Qatar. Two drilling 


strings continue in operation. 


A sixty mile pipeline of 14 anch diameter was com- 
pleted from Dukhan tolm Said on the east coast. The first 
shapment of Qatar crude «es made December a2. 1949, and 
the field was thus put on a producing and shipping basis, 
wita some two miliion tons per year the present produc- 


tion objective. 


A lower productive horizon {No.4 Limestone) was proven 
during 1949. This 1s about 19) feet below the No.3 Lime- 
stone pay. Both correlate with the Arab Zone of Saudi 
Arabia and are Jurassic in age. 


A gravity survey was conducted over the main Qatar 
Peninsula and it is intended to follow this with aseismic 


survey. 
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AND GAS PRODUCTION STATIS FOR BAHREIN ISLAND IN 19uU9 
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TABLE 1L AND GAS 
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Jur | and Cre ¥ 
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TABLE 2 OPERATIONS IN SAUDI ARABIA 


Oil And Gas Developments In 


Burma, India And Pakistan 


BURMA 


Although during 1948 some further progress had been 
made towards the restoration of the Burma Fields after 
the scorched-earth policy applied in the face of the 
Japanese invasion, operations were becoming increasingl y 
difficult. During 1949 owing to the disturbed condition 
of the country no progress could be made on work on the 
pipe line, whilst reconstruction in the oilfields was on 
a reduced scale, and by the end of the year had been al- 
most completely brought to a standstill. The principal 
reconditioning work was on the wells in the Lanywa Field, 
a large proportion of the Chauk wells having already been 
repaired. In the absence of the pape line, andof refining 
facilities, production from the repaired wells has been 
limited to the small amount required for the improvised 
topping plant at Chauk. Even this small plant has been 
run with @ restricted output owing to the impossibility 
of regular dispatch of petroleum products even to nearby 
markets such as Mandalay. 


Early in the year the oilfield area passed out of the 
control of the Government of Burma, but in June govern- 
ment forces reoccupied Yenangyaung, Chak, and Lanywa. 
Conditions in the neighborhood continued extremely dis- 
turbed, fighting taking place between the government 
troops ana the insurgents, especially around Yenangyaung, 
and an July it became necessary for the 011 companies to 
withdraw their Hritish staff from Yenangyaung and to close 
dow their operations in this field. Later in the year 
the Government lost control of the small oilfields near 
Minbu, and at no time during the year has work been pos- 
sible at Yenangyat. Operations in the main Chauk and 
Lanywa Fields have been severely handicapped by the acti- 
vities of thieves and bandits, looting of material of all 
kinds being persistent. Attempts have been made to steal 
oil from reconditioned wells by flooding them with water, 
and in order to protect the oilsands many wells have been 
plugged with cement. The production of o1l during the 
year was about 300,000 U.S. bbi, mainly from Chauk but 
with small contributions from the other fields. 


Although a little geological mapping was undertaken in 
1948 the deterioration of conditions made it impossible 
to carry out any exploration work in 1949. Even between 
Hangoon and the oilfields there were no surface commun: - 
cations, contact being only by airplane. 


INDIA 


The only producing oii field in India is the Assam 0:1 
Company's field at Digbor in the north-east of Assam 
where development has continued normally during the year 
with concentration on the eastern extension of the field. 


During 1949 
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Production has remained at about the same level as in the 
three previous years, being estimated at 1,990,000 U.S. 


bbl. 


Exploratory drilling by the Assam Oil Co. in an area 
some ten mibes south of Digboi was discontinued as no 
commercial production could be found. The Bunnah Oil Co. 
(India Concessions) Ltd. completed a well in the Tiru 
Hills some 90 miles south-west of Digboia, but without 
success. At the end of the year material was being trans- 
ferred to a neighboring area. 


Geophysical work has continued in Upper Assam and geo- 
logical mapping has been in progress in several parts of 
Assam. No new areas of promise have been found. 


The rules governing the grant of petroleum concessions 
have been revised; the approval of the Central Government 
1s now required before the grant of concessions by a Pro- 
vincial Government, greater recognition 1s given to the 
length of time which may be needed for thorough explora- 
tion, and there have been increases in royalty and other 
payments. 


PAKISTAN 


During the year production has continued from the 
Attock Oil Company's Khaur, Dhulian, Joya Mair, and Bal- 
kassar Fields, and the Burmah 011 Company (Pakistan Con- 
cessions) Lts. have also begun production from Balkassar. 
The total output increased from 560,000 U.S. bbl in 1948 
to 940,000 U.S. bbl in 1949. The Attock Oil Co. completed 
their Balkassar No. and No.4 and theBurmah il Co. 
(Pakistan Concessions) their Chakwal No.2. These wells 
are drilled through the limestone using 011 as circulat- 
ing fluid, and are then given successive treatments with 
inhibited hydrochloric acid. 


The Attock Oil Co. continued exploratory drilling on 
the Meyal structure north-west of Dhulian, and the Burmah 
Oil Co, (Pakistan Concessions) carried down their Lakhra 
test well (situated 100 miles north-east of Karachi) from 
4,800 ft to almost 12,000 ft during the year without 
finding any indications of o11. Geological work was con- 
tinued in West Pakistan by the Attock Oil Co. and in both 
West and East Pakistan by the Burmah Oil (. In the early 
part of the year aseismic reflection survey in the neigh- 
borhood of the Balkassar Field was completed. 


The old petroleum concessions rules have been super- 
seded by new rules based in some respects on the British 
Colonial model: concessions are granted only to nationals 
of Pakistan or to companies incorporated in Pakistan; 
royalties andother fees are increased and concessionaires 
must undertake to spend more than a stipulated minimum 
annual amount on exploration. 
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Oil And Gas Developments In Brazil 
During 1949 


From the production viewpoint alone, progress has been 
slight during the past year in Brazil. The total »roduc- 
tion was alittle less than 110,000 bbl. However, at least 
1,000,000 bbl could have been produced if refining 
tues had been available. At the present time a refinery 
of 2,500 bbl daaly capacity 1s being constructed in Bahia 
and 1s expected to be an operation by October 1950 so 
199) should see a considerable rise in the annual produc- 
tion tigures and be more represent ative of the true pro- 
ductive potential of Brazil. 


Products of National Refineries in 1949 


Gasoline 

Ihesel Oil 

Fuel Oni 

sene 

Asphalt Material 
In the exploration field considerable progre Solvents Maternal 
realized during 1949. Both geophysical and geolo; Solvents (Naptha 
work was expanded and reconnaissance work was being un- Gasoline Solvent 
dertaken in the Parana Basan, the Heconcavo in fahia, the Lube Oil Material 
Northeast Coastal Area, the Varanhao-Piaui Basin, the Lube Oils 
Marajo Basin and in the Vaddle Anazon Kegion. Action had Hot toms 

been taken to begin wildcat operations in Sergipe iT ai- 

hao and the Marajo Basin. 1949 has been an important year 

of progress for the exploration of oal in Brazil. lotals 
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AND GAS PRODUCTION STAT) 
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Oil And Gas Developments 


In The Netherlands 
During 1949 


SCHTEFERDECKER 


SCHOONEBEEK FIELI EXPLORATION 
Ihe drilling actavaty in 1949 was concentrated in tw The Nederlandse Aardolie Maatschappij continued its 
i © separate offset areas, one towards W. in the S. flank of widespread exploration program in the Netherlands. 
: } the structure along the German border and the other on Based on geophysical information a total of 16 explora- 
E the border in the E. part of the concession where in the tion wells were drilled during 1949. In one of these 
5 W. tap of the German Ruhlertwist-HKuhlermoor structure wells gas in commercial quantities was discovered near 
production was found on Lutch territory. Le Wiyk, 25 miles west of Schoonebeek. 


In total 18 producers were mp leted,. The proved area lowaré the end of the year a heavy drilling outfit 


having thu been somewhat extended it was possible t« started operating in the Coevorden area to develop the 
ie end of the Perman gas tield discovered in 1948 


bbl reached 


withdraw o11 at a higher rate toward 


year. The daily average production of 11,8: 


in 1949 covers about 25 per cent of the country’ con- AAN 21° RE : IN THE FEICE an NSTI 
sumption. 
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Oil And Gas Developments 


In 


Canada During 1949 


Ky GEOLOGICAL SURVEY OF CANADA, Ottawa, Ontario, Canada 


ABSTRA(C T Although several new gas wells were drilled ain the 
outhwestern part of the Province and small new volumes 
Alberta’s 1949 oal production nearly doubled that of ire stall being found in the older Haldimand and Weiland 
1948, reaching about 20,300,000 bbl as compared wath Fields, the total production of gas for the year shows a 
10,974,000 bbl for 1948. It 1s estimated that over 2 small decline from that of 1948. 
wells were drilled in Alberta to give a footage o! 
3,000,000 ft. Keserves are estimated to have increased ¢ \ at drilling took place chiefly inkent and Lambton 
at least a ballion bbl. Counties. The most amportant single gas well was drilled 
by Imperial Oil Limited in Moore Township near Sarnia. 
The greatest expansion was made in the Hedwater field Thais well obtained an initial open flow of about 40 Micf 
where 289 wells were drilled during the year to outline to become the largest well so far drilled an Ontario. 
the largest producing field in Alberta. Levelopment and 
the Leduc-Woodbend Field continued with ex Large new gas reserves have been discovered in Alberta 
incidental to the search for oil. In the Pincher Creek 
area the Canadian Gulf Walter Marr well had a calcul ated 
Of the new discoveries that atGolden Spike 1 e mo gas flow of 83 \Mcf a day and a distallate yield rated at 
outstanding. The discovery well drilled 544 ft of | 3,000 bbl a d \ large number of wells in the area 
saturated pay in the D3 zone of the Devonian and was com north of Edmonton, at Hanna, Castor, Lac La Biche and 
pleted with a rated capacity of 10,000 B/b. Another am- other places rated fram 2) to W MMcf ae day. 
portant Devonian discovery was the Imperial Normandville 
well in the Peace Raver District, 200 miles northwest « PETROLEUM 
Edmonton. Although not a big well, it opens up possital 
ties of appreciable Devonian reserves in the northwest 
Alberta. 


expansion of 
tensions to the southwest. 


records were se | phases of the oi] industry 
fa during the past year, most of these being male 
province of Alberta. 
A number of other important discoveries was 

Alberta. Among these are the discoveries at Stettler where oduc n ain Alberta amounted to 20,246,466 bbi in 
conditions similar to Leduc were found; at Bon Accord and comparison with 10,973,583 bbl for 1948 and 6,809, 284 bbl 
Excelsior where Devonian o11 was discovered; at Harrhead for 1947. Hevenue derived from the sale ofoil and natural 
where two wells produce from the “Mississippian-- and at gasoline was $58,999,936 -as compared with $34,391,528 in 


Joseph Lake, Whatemud, Campbell and Volmer which produce 1948. At the end of there were 1,219 wells capable 
trom sands of Cretaceous age. 


of production in Alberta of which 1,013 were operated in 
[Tecember. Seven hundred and eighty-four wells completed 
Ihe search has extended from Alberta into Saskatchewan, , drilling during the vear 

anitoba andnortheastern British Cohumbia. Large explora 

tory programs have been carried on in Saskatchewan but nv These o11 developments in Alberta are of great am- 

to the portance to the economy of Canada as a whole. Canada con- 

ume me 110,900,900 bbl of oal annually of which an 

1949 she produced 71,487,130 bbl or about 2) per cent. 

The amportance of the developments in Alberta 1s obvious 

when it 1 idered that in 1947, the year the Leduc 
7. 632, 


drilling has been done except in areas contiguou 
Lloydminster Field. Two unsuccessful welis were drill 
in Manitoba and two are now drilling in northea 
Bratish Columbia. 


from Edmonton to Superi« Field was d overed, production amounted to only 


than 10 per cent of Canada’s requirements 


A pipe line to carry on] 
Wisconsin, 1S now under construction. 


In the east, exploration has continued in New 
where twoexploratory tests have been drilled and 5 Ihe western pre 
where four wells are in progress. regard to oil, and production from Alberta Fields has been 
curtailed under a system of strict pro- rationing because 
Production of o11 an Ontario during 1949 showed of the inadequacy of present prairie refinery capacity and 
stantial increase of about 90,000 bbi over that t the high cost of ral transportation which prohibits the 
novement c to outside markets. Although during the 
production averaged only about 
, B/D, 1 estimated that the Alberta Fields have 


otential of | 000 BWI 


vinces are now self sufficient watt 


previous year to pring the total recovery to about 
bbl. Most of this increase 1g due to further exter 
the Becher West Field (Salina-(welph formation 

in 1944 by Imperral Ori Lamted. a} 


ast few month f 1949 
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In order to provide new markets for the surplus oil 
the Interprovincial Pipe Line Company Limited 1s building 
a pipe line from Edmonton to Hegina and thence to Gretna, 
Manitoba, fromwhich the line will pass through the United 
States to the head of the Great Lakes at Superior, Wis- 
consin. The cost is estimated at about $90,000,000. The 
first 4530 miles of the line from Edmonton to Hegina is 
expected to be in operation by the fall of 1950 and mill 
have an initial capacity of 95,000 BVD. Completion of the 
line to Superior, Wisconsin is expected in 1951. It is 
estimated that 57,000 BYD will be shipped by tanker from 
Superior to eastern Caadian refineries. 


Thas surplus o11 production has also necessitated a 
large increase in refinery capacity, especially in the 
Prarie Provinces. It is estimated that refinery capacity 
has increased about |] per cent during the past year. A 
number of units are under construction at the present 
tame and plans have been made for the construction of 
several new refineries. 


LEDUC-wOODBENO FIELD - The Leduc Field, the discovery of 
which precipitated the search for oil in the Devonian.of 
the Alberta plains, hasbeen developed steadily during the 
past year. Production from the Leduc Field amounted to 
9,688,784 bbl, as compared with 4,457,371 bbl in 1948. 


Developments in this field during the past year in- 
clude an extension of the D2 producing zone to the south- 
west of previous production and the establishment of a 
corridor connecting the U3 reef zones at Leduc and Wood- 
bend. Construction was started on a compressor and pro- 
cessing plant to use the gas produced wath the crude. 


REOWATER FIELD [he HKedwater Field to the northeast of 
Edmonton which had only three wells producing at the be- 
ginning of the year has shown the greatest development. 
It now covers 14,000 acres and produces under strict pro- 
ration at the rate of 21,000 WD from a reef limestone 
of Devonian age equivalent to the D3 dolomite at Leduc. 
The field covers an area about 14 miles long by 4 miles 
wide at the present time but has not yet been entirely 
delimited. Late in the year a wildcat, Imperial Simmons 
No. 1 drilled about 3 miles southeast of previous produc- 
tion, discovered oil in reef limestone. The o1l-water 
interface is the same as that at Hedwater and it is prob- 
able that this forms a further extension of the Redwater 
Field. 


OLDER FIELOS - In most of the older fields production has 
fallen off and because of the local surplus of crude 
there has been little ancentive to drall new wells. 
Turner Valley production decreased from 4,900,739 bbl in 
1948 to 4,304,063 bbl. Total production from Taber, 
Vermilion, Conrad, Wainwright and Princess inclusive de- 
creased from 700,328 to 494,720 bbl. 


LLOVYOMIMSTER - Production of heavy crude from the Lloyd- 
minster and adjoining areas in both Alberta and Saskat- 
chewan has been adversely affected by the surplus of heavy 
ends from the light crude fields which have seriously cut 
into the heavy crude markets. At times during the year 
production at Lloydminster was reduced to 30 per cent of 
potential. The rate of expansion of the field was slowed 
down as shown by an increase of only 00,000 bbl in 1949 
over 1948 production. New refinery units which plan to 
put out alarger range of products are now under construc- 
tion in Lloydminster and Calgary and may be expected to 
create a larger market for the oal. 


WEW FIELOS - Fxploratory wells resulted in the discovery 
of several new fields. One of the most important was the 
Imperial Golden Spike discovery six miles west of the 
Woodbend Field. The discovery well penetrated a 544 ft 


DEVELOPMENTS IN CANADA 


DURING 1949 


section of o11 producing reef limestone in the D3 zone of 
the Devonian. Initial potential of the discovery well was 
rated at 10,000 WD. The second well to find production, 
drilled late in 1949, found a 594 ft section of reef of 
which 560 ft produced oil. In this well production was 
also indicated in the D2 zone. 


Another Devonian reef discovery was made in the Stet- 
tler area. The discovery well, Canadian Gulf 011 Company’s 
N. J. Ellis No. 4 well, found production in both the D2 
and D3 zones of the Devonian which have a combined thick- 
ness of 100 ft. The well on test had a rated capacity of 
3,000 bbl. 


Another important discovery was the Imperial Normand- 
ville No. | well in the Peace HKiver district about 200 m 
northwest of Edmonton. This wel] obtained production from 
the Devonian at 6,730 ft. Although not a big well it has 
great significance in that it opens up possibilities of 
oil production from the Devonian in the Peace Hiver area 
and far to the north. 


In addition to the above a number of other important 
discoveries were made during the year. The more important 
finds include: 


A Devonian D2 zone discovery at Bon Accord about 18 
miles north of Edmonton. The discovery well made 165 bbl 
of oii in 4's hours on production test. 


Another D2? Devonian discovery was made in November at 
Excelsior 12 miles north of Edmonton. On test the discov- 
ery well flowed at the rate of 792 B/D from a 40 ft sec- 
tion. Two wells had been brought into production by the 
end of the year. 


At Barrhead, 55 miles northwest of Edmonton, a discov- 
ery was made by Stanolind 011 and Gas in a pinch-out in 
the Mississippian. The discovery well flowed at the rate 
of 36 bbl per hour on test. 


At Whitemud, six miles south of Edmonton, an important 
discovery was made in sands of Lower Cretaceous Age in 
SXomi. The discovery well, Imperial Whitemad No. 1, flowed 
on test at the rate of 25) bbl a day. 


At Joseph Lake, 18 mies southeast of Edmonton, a dis- 
covery of o11 was made in the Viking sand of Cretaceous 
age. This sand 1s the equivalent of the producing sand in 
the large Viking-Kinsella-Fabyan gas field and of gas- 

roducing sands elsewhere in central Alberta but Joseph 
vake is the first discovery of oil in this sand. The in- 
itial well had a rated 011 capacity of 528 B/D. 


A number of other small oil discoveries were made in 
sands of Lower Cretaceous Age. These include a well at 
Volmer 15 miles northwest of Edmonton, one at Campbell 8 
miles northwest of Edmonton which produced up to 50 B/D, 
and one at Casagama near Stettler. 

GAS DISCOVERIES 

Incidental to the search for oi! in Alberta a large 
number of natural gas discoveries have been made during 
the year. The most important of these was the Canadian 
Gulf Walter Marr well about 7miles northwest.of the 
Pincher Creek gas- distillate well discovered in-1948. The 
Walter Marr well had a calculated gas flow of 83 MMcf a 
day with a distillate yield of 3,000 bbl from limestones 
of Mississippian age. These two wells indicate an extrem 
ely large natural gas reserve in this area. Although some 
of the other natural gas discoveries in the Plains rated 
as much as 3) WMcf per day most of them have been capped 
and further development left until larger markets are 
available. 


\ 
410 
| 
| 
| 
‘ 


DEVELOPMENTS 


SASKATCHEWAN - The o11 play has extended from Alberta 
into Saskatchewan during the past year. Although explore 
tory permits and leases have been granted to cover most 
of the southern part of the Province, exploratory work is 
still ian the preliminary stages and as yet only a tew 
stratigraphic tests have been drilled. However, a ne» 
heavy o11 area similar to Lloydminster has been opened 
near Maidstone east of Lloydminster. 


BRITISH COLUMBIA - Interest in the o11 possibilities of 
British Columbia and Manitoba has increased during the 
year. A test was drilled in the Queen Charlotte Islands 
of British Columbia and another, drilled late in the year 
in the Peace River area, had encouraging showings of gas 
in the Triassic. 


MANITOBA - In Manitoba two wildcats were drilled but no 
production was obtained. 


WORTHWEST TERRITORIES - In the Northwest lerritories the 
Norman Wells Field as stall operated for local require- 
ments only, with production of about 200,000 bbi during 
the past year. 


ONTARIO - About 342 wells were completed in Ontario dur- 
ing 1949 as compared with about 350 in 1948. Of the total 
number drilled, 280 were development wells, the remaining 
82 consisting of exploratory dralling in search of new 
fields. Development drilling resulted in 15 o11 well 
150 gas wells and 115 dry holes. All but two of the oil 
wells are located in the Becher Field (Salina-(welph for- 
mation: Silurian) and had an average initial yield of 
about 34 B/D. About 132 of the gas wells were completed 
in the old Haldimand-Welland Field in the Niagara Penin- 
sula. These produce from sands of Silurian Age and had an 
average initial open flowof about 50 Mcf a day. Thirteen 
gas wells with average initial open flow of 240 Mcf a day 
were completed in the Mosald Field (Guelph formation 
Silurian) in Elgin County discovered in 1948 by Union Gas 
Company of Canada Limited. Further drilling by Imperial 
Oil Lamited in the Kimball Field near Sarnia resulted in 
about five wells wath an average initial open tilow of 
4,000 Mef aday. The most important single well, Imperial- 
Payne, located about 1':mles northwest of himball Field 
had an initial open flow of 40,000 Mcf a day and is the 
largest gas well ever brought in in Ontario. Production 
is from reef formation in the Silurian. 


IN CANADA 


Gas 9,0,277 Mcf 9,418,000 Micf 


DURING 


1949 


COMPLETION SUMMARY - 1949 


«ORY TOTA suCccESSFU 
Development wells 152 13 115 oP) soe 


PRODUCTION 


UMULATIVE TOTAL 


1948 1949, T 12-31-49 
176,225 Bbl 265,000 +0, 675,000 


444,000,000 


IMPORTANT EXPLORATORY TESTS 


HOR | ZON 
WELL LOCATION TESTED REMARKS 
sreedon No | Adjala 975 Black (al shows and 
betw. 
an SA GAD fe 


Van fleet 3,104 Basal Heds, 
tj Ordovica 
Cambrian ? 


\asener No | 


Dewsan Kamney ty 3,588 Basal Keds 
Ordovi.ca an- 
Carbrian ? 


QUEBEC - In the rest of Fasterm Canada there have been no 
developments of importance. The search for oil has con- 
tinued inGaspe with three wells dralling during the year. 


WEW BRUNSWICK - In New Krunswack the Stoney Creek Field 
produced same oi], and gas to supply the Caty of Moncton. 
Two waldcats were drilling at the end of the year. 


ABSTRACT - OIL DEVELOPMENTS IN CANADA DURING 1949 


N we Der ” 


PRODUCING YR. OF IMATE PR N BBL | EN k RAY Prov. Zone 
FIELO FORMATION Dix 1949 ING 1949 1 

Lower Cret. Cre. | 1948 4, 

Zone Lev. | ion 58,000 57 | 38-4 5, 

D8 Zone Liev. | 1947 04 5, M ¢ 
TURNER VALLEY 

Shallow Wells Cre. | 1914 + , ~ 

Lamestane Wells Mis. | 1924 102, 155, 006 4, 903, 008 43 3, 1590-9, 1D) At 
Hedwat er Liev, 4,914,008 4,877 | 35 4, 100 M¢ 
Cre. | 1942 1,19), 149,4 “4 3, AM 
Verm lion Cre. | 1939 1,1 ay RA, 71M 76 4 1,85 H 
Waanwright Cre. | 19% 6,90 | 21 200 H 
Conr ad Filis, Jur 203,08 ¢ 
LLOYUMINSTER | 

Alberta Cre. | 1939 1,758, 00 69,000 3 14-17 1,920 H 

atchewan Cre. | 1939 741,000 47 14-17 1,9) 
Princess Vas. (mainly) 1945 ; 1m A 

lev. | 1944 OM 45 3,85 A 

Pincher Creek Mis! 194R x l i x Af 
Bantry Cret. | 1947 425 3,79 l 4 3,29) A 
Del Bonata Mais. 1943 5,035 A 
Dana (Alberta Cre. | 1979 x x 1,900 
Joseph Lake Cre. 1949 BSA 5 7 
Wha temud Cre. | 1949 1 x 4 4 | H 
Stettler Dev. 1949 x 3 1 


* | equals 35 Impernal gallons 
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Jit AND GAS PRODUCTION 
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2 A > rz 
A ON 7 @ a2 > al 
xo x = xo 
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6 (re! 1999 a 
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| 
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“4 725 15,725 
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“OLOGICAL SURVEY oF CANADA 
GEOLOGICAL UR VE C CANAL 413 
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IMPORTANT WILDCATS DRILLED IN 1949 } 
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Oil And Gas Developments 


In Iraq 


During 1949 


KIRKUK FIELD BASRAH AREA, SOUTHERN ITRAQ 


Two well were ompleted on the Nahr Umr and Zubair 
seismic structures resulting 1n two najor discoveries. 


The wells were ®, 343 ft and 11,173 ft deep respectively. 


Nahr Umr No.2? and Zubair No.2 were drilling at the 
end of the year to prove extensions of the discoveries. 

, 1949 

31, 1949 Rataw No.1! also located on aseismic high was drillin 

at the end of the year at a depth of 11,300 ft. The wel 

il Prod 3 has had numerous promising shows. 

%.7A million long tons of crude o1l were produced in Extensive gravity and seismi¢c surveys continued in the 

1949. Basrah area throughout the year. 


Ihe estimated total production to date ¥ tT NAFT KHANEH FIELI 
lian long tons. 


AIN ZALAH FIELD 


The field has a total of six productive wells with a 
total flowing capacity of 30,000 Ky D. There 1s no pipe- 


lane outlet as yet for this production. 


Two wells were drilling at the end of the year, one of 
which is being drilled as a deep test for possible pro- 
duction below the proven Ain Zalah Limestone pay horizon. 


South and west of Ain Zalah one gravity and one seis- 


had an estimated production of 200 , 
mic survey were conducted during the year 


tons 
bringing the total yield to date to @- 
4-miilion long tons 

Northwest of Ain Zalah a dry hole was drilled on the 
Mushoram Dagh structure. 
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Oil And Gas Developments 


In 
Colombia During 1949 


By G. F. DEAN * and G. BARKOW *°* 


In 1949 production in Colombia reached am all time As a result of continued lack of success, as well as 

high wath an output of 30,463,743 bbl of crude oil, in- of continuing unfavorable petroleum legislation, the ex- 
cluding 819, 68 - of condensate. The previous high was ploratory drilling effort in Colombia showed avery marked 
aes 22 194 when production reached a tal of downward trend during the course of the year. Whereas 1] 
25,544,047 bbl. Production in 1949 exceeded that of 1948 j 
by about °5 per cent but an the earlier year the yutput rigs were being used in wildceatting operations in January, 
this number had been reduced to two by December. 


was adversely affected by labor strikes and civil dis- 
turbances. In 1949, the capacity of the Andian National 


Corporation's pipe line was a timiting factor which made Late an November an encouraging discovery was made by 
it necessary to restrict production from Shell's Casabe the Texas Company in the Upper Magdalena Valley when, on 
Field to some 60 per cent of its estimated potential. a three-hour test, their Tetuan No. | indicated produc- 
Production by fieids 1s shown in Table 1; that by cos tion of 23° A.P.I. gravity oil at the rate of 744 B/D. 
panies 1s given below lestang operations had not been completed by the end of 
MPANY RUDE 0 SATE PERCENTA the year, so that this well 1s omitted from the list of 

1 8p TOTAL completions shown on Table 2 


Trapical (al 11,856, 423 819,748 +1. The highlights of exploratory drilling in Colombia 
during 1949 are summarized below. 


Columb: an 


Petrol eur 9,460, 846 
Putumayo-Caqueta Basin - Texas Petroleum, the only com- 
Shel] Oil 7,750, 246 5 4 pany tohave drilled in this basin, completed their fourth 
wildcat, Jose Maria No. 1, at a total depth of 5553 ft. 
Socony- Vacuum 01] 337,092 1. Iue to mechanical difficulties the hole was abandoned as 
dry before 1t had completely penetrated the Eocene sec- 
39. 349 ( tion. As in the other three wildcats, all of which were 
« 
drilled to basement, noimportant shows were logged. After 
ee 29, 643, 975 819, 74P 10 abandonment of Jose Maria No. 1, the Texas Petroleum Co. 
jrastically reduced their national land holdings in the 


Vutumayo-Caqueta Kasin from some 2,200,000 hectares to 


Ninety-one exploitation wells were completed by the 


industry in Colombia during 1949 as compared to sixty approximately 930,000 hectares. 
eight in 1948. Of these 91 com letions, only two were : 
abandoned as dry holes. On Shell’s Casabe Field in the Upper Magdalena Basin - In this basin the two Tropical- 
“Maddie Magdalena Valley, 45 exploitation wells were on Hichmend joint interest wildeats, Gualanday Nos. | and 2 
pleted (1 dry hole); on Colombian Petroleum’ s Tibu Field, were completed at depths of 6,904 and 2,198 ft respectiv- 
41 wells were completed, all of them as producer on ely. In the \ lwell, which was abandoned due to mechan- 
Shell’s Dificil Field in the Lower Magdalena 3 we were real ditticulties, severaleil and gas shows were recorded 
comleted (1 dry hole); while in the Middle Jagdalena but aserie ! production tests yielded negative results. 
the lexas and the Socony- Vacuum Companies € } omplete lhe nearby Gualanday No. 2 showed some insignificant 
a producer at Velasquez and Cantagallo respectively. No amount o! ga amd on) and was also abandoned. 
new drilling was undertaken during 1949 on Tropical lw : 
Mares concession. lexas Petroleum Cretaceous test Tetuan No. 1, lo- 
: sted on a surtace tructure ome 40 kilometers to the 
EXPLORATION DRILLING uth of the Gual endev vel | bottomed in besement et a 
total depth of 4,579 tt. During testing operations, whach 
During 1949, the 19 waldeats drilling at the ¢ t had not been complete by the end of the year, the well 
the previous year were completed and abandoned a ry flowed 23° A.P.I. gravity oa! for a three-hour period at 
holes; tour wildcats were spudded in and abandone ‘ iry the rate of 744 WD 
holes; and at one other wildcat location, driiling opera 
tions commenced during the year were indefinite i Middle jtagdalena Basin - On the ( imatarra Concession 
pended. A summary of the results of these 15 #1! ats 3 which lies immediately north of Shell's producing field 
shown in Table 2 and their iocations are show: n the at Casabe, Shell-Socony completed two more wildcats, 
accompanying map. lorpida N and 4. Hompida No. % bottomed in basement 
TROF a O MP:NY. BOGOTA at a tota leptt tt and yielded 2 to 4 B/D of 
A NTERNATIONAL PETR ] oil betore being abandoned as a non-commercial 
TORONT ANADA producer. Hompida \ 4 was abandoned as a dry hole at a 
MAN RIPT RECEIVEL N THE PRICE F THE NSTIT t, total deptt i 4 ‘if ft without having penetrated the 
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418 DEVELOPMENTS 


Paturia No. 1, located on a adjacent to 


drilled 
before drilling opera- 


concession 
“popny’s small 
Shell to a 


field at Cantagalio 
total 


was by Socony- 


depth of {t 


tions were suspended as a result of considerable mechani 
eal trouble. No sigmificant o1!1 or gas shows were logged 
in either of the Tertiary or Cretaceous sections which 


the hole penetrated. 


Lower Magdalena Basin - Ju 


wildcats were completed dur- 


ing the year in the Lower apdalena region and a third 
was drilling at the end of it. [ropical’s West Perdices 
No. 1, started in 1948, was abandoned as a dry hole at a 
total depth of 11,4695 ft an Cretaceous strata. No oil or 


was shows of importance were recorded. Shell's outpost 
well Dafical No. 19, the 
of their il Field, was and 


1x kilometers to 
drilled to 


located west 


In basement 


aban- 


doned as a dry hole at ft Shell's La fical No. 29, 
a second outpost well five kilometers further west, had 
been drilled to 9,372 ft by the end of the year and = was 
preparing to test. 

Cesar Basin - No additional footage was drilled an Tropa- 
cal’s Fl Paso No. 9 which at the end of 1948 had reached 
a depth of 8,783 ft. The well had showed some o1! but 
tests gave negative results and the well was abandoned ar 
the Cretaceous as a dry hole. Shortly afterward the con- 
cession on which it was drilled was surrendered. 
Rancheria Jasin Cerrejon No |, iropical’s second wal 
cat on their | qa ayai concession, was drilied and ab andone 
os a dry hole during the year. It bottomed in basement at 
total septh 7, 14 it smaia hows of were 
recorded but testing operations yieideu negative resuit 
lropical have now surrendered the t @ayal concession 
Wajifa DaSIN - lwo well were completed by the Sheil 
Loop ay in thi relatively smaii basan area but both were 
unsuccessful. \ |, which haa bee tarted in 
194 irsiled through a lertiary section to basement 1 
which at bottomed at 6 13 it lhough the hoie showe 
some pas, this was of no commercial significance nan 
cheria No located some 700 meters to the southwest of 
the tirst weil, iso penetrated the Lertiary ection a 
was abamdoned as dry hoie at a depth ROL it “hel 
have relinquished the concession on which these two wil 
cat were drilled 


Maracaibo Basin - In 
which as 
the Barco 


the Maracaibo basin 
Colombia and 
, the Coiombi an Petroler 
their Tabu No. &7 
The well had been dralled during 1948 to a 


that part of 


situated in northeastern within 


which 


concession ite 


as a dry hole wildcat 


depth of 7,767 {tt and no new tootage@ was added in 1949 
Drilling started in the Miocene and finished in the Cre- 
taceous with no o1l orgas shows of significance reported 
Sinu Basin - Iwo wildeats, both of them carryover t ror 
1948, were completed in the Sinu Basin area of north- 
western Colombia. Texas-Socony well Sahagun No. | wa 
deepen from 5,232 ft to 10,012 tt without completely 


penetrating the sedimentary section. San Andres 


the second well to be drilled by Sinciair-Caties Service 
Hichfield anterests im Colombia, was deepened tron ,793 
ft to 4,584 ft. No shows of any significance were en 
countered neither these well and both were abandone 


as dry hole 


EXPLORATION RVEYS 


SI 


lhe 


uml to de« 


industry's exploration eftort ion Colombia contin- 


line as shown in the table below 


Gravity Met 
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NCESSION ACTIVITIES 


lands 


“duced 


the 


the 


which industry heid 


643, 


during year 


o 1.a hectares. The reduction ir 


which concession applications have 


even more marked, dropping fram 17,673,353 
roximately 10,500,000 hectares. Withdrawals 
basin by Tropical, Shell and Socony and 
umayo-Caqueta basin by Texas accounted for 
f the application areas dropped. 
year only applications for national | ands 
yvering an area of some 285,000 hectares, 
and no company increased its holdings of 
ids. Four companies withdrew entirely tron 
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PIPELINING 


increasing production from Shell’s Casabe Field 

ugdalena Valley, the existing facilities 

trunk line to the coast were unabie to 

total amount of avaiiabie in 1949 for 

he die Mares, Casabe and smaller fields whict 

ste} were taken to remedy thi si tu- 

w in mid-year the construction of eight 

located at st rategic interval along 

the end of the year this project was about 

mileted and it was estimated that the addi- 

facilaitie would be in operation by \iarch, 
LEGISLATION 

Congre again tailed to agree on any of 


odifications of existing petroleum legisia- 


ree-law amending O11 and tax statutes was 
end of the vear when Colombia wa being 
r srtial law. The measure was intended t« 
ive for the oil industry by reducing the 


companies engaged in exploratory work 


1onally increasing depletion allowance. On 


. urface rental fee on contracted conces- 
roduction were augmented by the 
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Oil And Gas Developments 
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DEVELOPMENTS IN EGYPT DURING 1949 423 
overlying. Seismic work has so far failed to give atis issued during the vear and drilling activities were con 
factory results, and interpretation of gravity 1 iifti fined to those already granted. Furthermore, 5.0 = 
cult owing to a thick but variable sequence of anhydrite having made their discovery at Wadi Feiran, decided not 
and gypsum (usually the former) near the surtace which to develop tne area, in view of its apparentiy 411 ited 
causes a gravity gradient decreasing Gownwards withir the possibilities and the conditions imposed by the Government 
Miocene. Additional comlications are cased by the pre for its exploitation sently they suspended opera- 
ence of rock salt. Furthermore, the Sinaa Fields are tions altogether and eventually disbanded their organize 

normally very narrow and consequentiy allow little lati- tion in Egypt 

tude in the choice of locations, either explorats t 

production. During the year the Anglo-Egyptian Oilfields Ltd. in- 
reased the throughput of thear refinery at Suez fron 
Following the passage of the Mines and Quarrie Law in 3, A WD to 37, WD, whale the Government increased 
1948, discussions have been taking place between the their refinery throughput from 3,650 8/D to 5,700 WD and 
Government and the o11 campanies regarding some undesit have plans for considerably greater expansion. Though 
production is stall not sufficient to meet local 


able features of the Mining Law and the standar hice t 
and lease forms. These discussions continued throug! particularly for kerosine and diesel fuels, it as 


eventually to refine in Egypt all the crude neces- 


the year and are still taking place. Meanwhile, | new 
exploration licenses or petroleum mining lease were t supply petroleum products tor the home market. 
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Fic. 1 — ACTIVE AREAS IN OCEANIA, CHINA AND JAPAN 


Oil And Gas Developments In 
The Far East 
During 1949 


Including OCEANIA, CHINA, JAPAN INDO- 


NESIA, NORTH SUMATRA, MID-SUMATRA, SOUTH 
SUMATRA, BRITISH BORNEO, NORTHEAST BORNEO 
(Tarakan), SOUTHEAST NETHERLANDS 


NEW GUINEA, CHINA, PHILIPPINES, PAPUA and 
“ANDATED 
AUSTHKALITA, 


TEMHKITORY Eastern New Guinea), 
FORMOSA, JAPAN and ASSAM. 


OCEANIA, CHINA and JAPAN I. NORTH SUMATRA 


The year 1949 was a period of politic al readjustment The improvement in security late an 194° an this area 

in the Far East not particularly conducive to creating a permutted the former owners of petroleum installations t 

healthy atmosphere in which industry and commerce yuld survey and plan rehabilitation. The prewar refinery of 
} I 


| growth. Nevertheless, substantial gainsu the Shel! rnterests at Vangkal an Brandan, destroyed dur- 


expect norma: 
petroleum development were made. ing the war yeur was surveyed as were also the prewar 


producing areas of that company. 


Ihe contribution which 1s being made by the countrie : 
of the Far East to the world’s crude o1] output 1s rela- It is estimated that @proximately SO WD of crudeorl : 
tively small when compared with that of North America, were produced for local use during early 1949 before the 
South Anerica and the Middle East. This output, amount in, prewar owners were able to re-enter the area 
to 202,000 WD in 1949, 1s nevertheless a subst atial one 
and plays an unusually conspicuous role in the world’s Exploration activities were increased over 1948 in 


tegi this area. Party months of seismic exploration were in- 


supply pacture because of its geographic and stra 


location with reference to one-third of the world popu- reased from seven in 1948 to 12 ain 1949 and four geol og- 
lation. ical party months and If gravity meter party months were 
added. No exploration or development drilling was done 


during the year. 


INDONESIA - GENERAL 


wITD-SUMATRA 


Indonesia became anew politic al unit among the world y. 
»t nations late in the year. Growing pain { thas 


famiiv 


new island nation were intense and at times violent. How- Exploration actavaty in this area consisted of seven 
ever, law and order were established to a marked degree party months of geological work and 11] party months of 
and new areas were opened for commerce and exploration. gravity meter exploration. Five producers were completed ie 


The new Indonesian government recognized the | prewar Lirik Field by SVPM (Standard-Vacuum) and 


tracts and agreements of the former government. However, one in the Minas (Caltex) Field. Surface field facilities 
were constructed by both SVPM and (Caltex). App 


ir the 


there was considerable agitation for national: 


industries. nately ,000 bbl of crude were produced during the year 
for use locally. No outlet for crude o:] has t been 
lhe progress ade by the petroieum industry 18 indi leveloped aithough 1x 4 roducing structures have been 


partially outlined. Jhe operators feel that Mid-Sumatra 


cated by the following table showing production 


o1l in Indonesia. will become an important producing center. 


3. SOUTH SUMATRA 


1, 14] 209 bxploration activities were carried on ata rather high 

level during the year, consisting of 14 party months of 
1949 42,221, 285 115,675 4 "4,494 geological work, party months of seiwmic work and 28 
s of gravity meter work. In addition, 12 wild- 
lrilied resulting in an extension to the 


19 4p 31,486, 209 8A, 


party 


Figure | andicates the location of areas report m, cat tests were 
numbered for ready reference corresponding to the ra prewar SVPM Hadja Field and the discovery of t- eas 
reservoir by HM shell) at Lebong and SVPM at Haun, 


graphs whact follow 


N A total f ] jevelopment tests were drilled, result- 
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DEVELOPMENTS IN THE FAR EAST DURING 1949 


The fields in South Sumatra produced at the rate of >. NETHERLANDS NEW GUINEA 


97 400 8/D during 1949, compared to 69,500 B/D in 1948 


ix exploration tests have been drilled in the Vogel- 
Both the BPM (Shell) refinery and SVPM (St andard- kop area of Wester New Guinea throughout most of 1949, 
but only one, at North Klamono, has been completed and 


Vacuum) refinery were back on prewar levels of operati 
7 abandoned as a dry hoie 
4. BRITISH BOKNEO 


Hoth drilling and exploration are necessarily siow in 


bLxploration in British Borneo included 43 party months this difficult and almost inaccessible region. An expior- 


) of geological work and 24 party months of seismic work ation program 1s irrently being carried on with two 
during the year 1949. geological partie yne seismic and one gravity meter 
party. 
One exploration well near the old Miri Field was com- 
pleted with negative results. Fourteen development wells MM TION r 
were driiled in the seria Field in 1949 compared to <. 
drilled in 1948. The Seria Field is producing at a rate r t 
of 47,700 B/D whereas the almost depleted Mira Field has Party Mont rty Montns rty Montns 
dropped to @ proximately 1, 100 WD 
U.S. BARRELS ON New Guinea d 12 4 


The Klamono Field in the Vogelkop area of Northwestem 


1948 0), 125, 295 55,000 152,412,629 New Guinea has accounted for the increase in } roduction 
from 136,493 bb] in 1948 to 1,743,588 bbi in 1949. An 
1949 LI2, 322 177,524,951 eight-inch pipeline was completed over the 30 miles be- 


ween Kia@nono and the sea coast at Sorong in December 1948 
5. NORTHEAST BORNEO and has been in service throughout 1949. 


t 


larakar 
. Ten ¢ xploirtation well were completed in the shal low 
Exploration activity an thi urea consisted of 12 Klanono Field during | Ihe reservoir of this fieid 1s 
party months of geological work and three gravity meter 1 reel limestone and production trom wells within the 
field varie nsiderably from well to well. 


party months. 


3 

a 

My important discovery was the wiidcat test at Poeloe 

i Hoen joe which came in asa sul tantial producer. (me addi- PR TION 
tional exploration deep test was a failure at Sesaniy} 4 ALLY AVERAGE 5 TE 


[he Tarakan Field was produced during the year at a 1948 1%, 493 


daily average rate of _8 B/D compared to a rate « 


315 WD in 1948. 


CHINA 


6-7. SOUTHEAST BOKNEO 


é Exploration in this area consisted of 28 party months It has been reported that at the tame the Communist 

\ of geological work, one eo) an. party month and Ll party regime xO K ver the northwest provinces ot China, the 

S moths of gravity meter work. No exploration drilling wa Laochur “ Yume oil field im Kansu was producing at 

§ carried out. he rate f ty I The discovery well in this fieid 

wa plete ir 139, Nane wells were drilled during 

Five development wells wer mp leter 448 and a t one have been indicated as producers 

y The latest int ation at hand indicates seven location 
4 were rille in 1949, and 1t as the se 
ere : ted t no that one well blew out and 


Lous se 
Sambod a 329, 14 £35, 1,194 f the Chi 


The 
near Soerabaja whi 1 wa he 
WD during the vear comp are ; 


19 48 i and Nesidur 


Java pr uction wa take 


| 
x 1949 1,743, 588 4,777 1,880,081 
0. 
| 2 
Pressure de in the crestal part of the field neces- | 
wa rei essed y 1 wie i wi itl 
5 ‘ traight run gasoline 
ot 14 ene 
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11. PHILIPPINES 


The Philippine Oil Development Company was (the ly 


company engaged in drilling operations in the Phal 
in 1949. While a new petroleum law (Republic Act No. 3 ? 
was enacted bv the Phalaps ine Congress in the mi 
1949, no concession was granted under its provist 
the seven applications tor ex} loration concessions cover- 
ing a total area of 211,844 hectares (523,466.5 a 
filed after the taking effect of the new | aw were ti 
pending in the Philippine Hureau of Mines at the e of 
the year. The petroleum claims and leases heid under oid 
oil laws are in the province of Quezon (formerly Layabas 
on Bondoc Peninsula and in Cebu province totaling ) 


hectares. 


: After drilling two holes in previous years on } 
lease on Bondoc Peninsula acquired under the old 
law, a third hole was drilied in 1949 by the Philippine 
Oil Development Company on the same area. As in the tw 


wells drilled in previous years, considerable Croubie wa 
encountered in this well due to trequent caving used 
by the haghly fractured character ot the bentoniti hale. 


j However, 1n the course of drilling, there were report 
intermittent flows of o11 which were encouraging. 


The seisnographic survey of the area at Vam Kant ay ar 
in Cebu province leased to the sane comp@y was co pleted 
on December 7, 1948. Based on the result of the geophysi 
cal survey a new well, Well No. 3, was drilled in the 
sane area. Drilling operations commenc ed on September 18, 
1949 and a depth of 7,643 ft was reached on the 15th of 
December of the same year. It was reported that drilling 
was discontinued. at this depth. In the meanwhile, the 
casing was perforated at 2,260 tt to 2,074 ft zone 
in the course of drilling, a strong salt water and ga 
flow was encountered. Another gas and salt water flow was 
encountered at 3,830 ft. Gas and oil colors were no 
the hole. From December 19 to the end of the year, the 


gas tlow averaged 82,000 cu. ft. per 24 hours, with indi- 


cations of increasing rate. At the lose ot the year 
samples of the gas collected in the first zone were sent 
to the United States tor analysis. The company reported 
on January 21, 1950 that the result of this analysis 1s 


as follows: 


"'Pollowing Podbielniak analysis performed by Charles 
Martin Coypany, Houston, Texas, on samy les recently re 


ceived 


1. Classitied as natural petroleum gas 
°. Mol percentage 


Ethane 

Propane 

] sobut ane 


3. Liquid volume percentage 
Methane 
I sobut ane 


Normal Hut ane 


4. Specific gravity calculated . 564 


5. BIL per cubic toot 1025' 


compares satistactorily with some 

representative analyses of petroleum gases from various 

as published an the United States 


Hulletin No. 88. 


Ihe lamited drilling activities of the Philippines may 
to the 


ispension of the granting of geo- 
etroleum drilling leases under the old oil 


continued untal June 18, 


aw ince 1939 which suspension 

1949, when the Petroleum Act took effect. The new law was 
enacted after a ij mssion, which was sent abroad, made 
4s iyvofthe petroleum legisiations of different foreign 


onducted therein investigations of petrol- 


eum operations. The main object of the new law is to pro- 


note and er urage the exploration, development, and 
utilization of the prospective petroleum lands of the 
Philippines a uch as possible by private enterprise, 


looking toward the establishment of a wholly integrated 


domestic industry with an equitable distribution of bene- 
fits between such private enterprise and the Government. 
lhe total wmd area of the Phalapy ines, not including 
the Phillipine sheif t which the Government has asserted 
irisdiction under the new law, 15 roxim 
nillaon hectares, about haif of which 18 covered by sedi 


mentary formatior These areas, whether public or pri 


conces- 


vate lands, are open to application tor petrole 


hons by catazens of the Philappines and, during the el- 
fectivity of an executive agreement between the Phalip- 
pines and the United States, by citizens of the Latter 
and all forms of enterprise owmed or controlled by such 
citizens. 

Exploration concessions hould be in blocks of not 


000 nor lessthan 20,000 hectares. No appla- 


yuire wre than 500,000 hectares of ex lora- 


within one petroieun region nor more than 
1.000000 hectares in the whole Philippines. 


The term of an exploration concession 15 four years 
twice extendible for a period of three years each. During 


the exploration period the concessionaire 15 obliged to 


pay the Government an annual exploration tax of from 
P0.05 per hectare for the first year increasing gradually 
to PO. 125 per hectare tor the 10th vear 


The exploration concessionaire may apply lor ex loita 


tion concession not exceeding one-half ofthe area covered 

his exploration concession. The other half reverts to 
the State and becomes a part of the national reserve. The 
overnment 1 bligated to grant exsiloitation concession 
to a holder of exploration concession within the area 


overed by his exclusive exploration concession, lhe ex- 
ronaire pays the Government an annual 


yi tatior tax a tol Lows 


! er hectare for the lst five year period 
at er hectare for the 2nd five year period 


| ver hectare for the 3rd five year period 
I per hectare fcr the 4th five year period 
5.00 per hectare for the Sth five year period 


wid thereatter if there 15 any renewal. 


A royalty of 12-1 per cent of the petroleun produced 
i pad to the vernment The « lortation tax in excess 
{Pi er hectare to which a concessionaire may be 
jnable in any petroleum region 15 offset by the royal 
tues for his production in the same region. lhe work ob- 
taxes, and royalties provided in the new law 
hall not be changed during the life of the concession to 


me 
ae 
: Be 
t 
| 
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DEVELOPMENTS 


The Government may undertake the exploration, develop- 
ment, and exploitation of the Philippine petroleum re- 
sources either by atseif or through its instrumentalities 
or through competent persons under a contract of service 
to be executed for the Hepublic of the Philippines by the 
President and approved by the Congress of the Philippines 
in accordance with the provisions of Articles 5 and 13 of 
the new o11 law. In this way responsible foreign oil 
operators having the necessary capital, organization, and 
technical competence may enter into the search for o1! in 
the Philippines and be assured of their status even beyond 
1974, the time limit set in the executive agreement be- 
tween the United States and the Vhilippines, under such 
terms and conditions as are considered fair and reason- 
able to both parties. 


With this new law containing provisions believed to be 
liberal enough tor compamies desiring to search for oil 
in this country, it 1s hoped that there will be more 
petroleum activities in the Philippines in the years to 


come. 


12. PAPUA AND MANDATED TERKiTOK* 
(Eastern New Guinea) 


Exploration drilling and geological and geophysical 
field work continued in Papua and the Mandated Territory 
throughout 1949. The drilling program of the Australasia 
Petroleum Company, Ltd., has been accelerated by the use 
of three dralling units. Three wells were drilling 
at Uroi, Upoia and Hohoro. 


Oreo1 was abandoned in November as a dry hole at 5,30 ft, 
Upoia No. I and Hohoro No. I continued drilling. Heaving 


throughout most of the year 


and highly fractured shales made drilling conditions very 
difficult at Upoia and Hohoro. Shows of gas were reported 
at shallow depths in both welis. 


Four additional well sites are being prepared for 
drilling in the Delta area of Southwestern Papua. Two of 
these wells are expected to be sj udded during 1950. Be- 
cause of the almost inaccessible nature of all but coastal 
areas of Papua, many months of preparation tor explora- 
tion and drilling projects are usually required before 
operations can be started. The shortage of skilled and 
unskilled labor presents another problem which limits the 
size and speed of exploration and drilling project 


No commercial produc tion has been developed to date in 
Papua or the Mandated Territory, but large basins of thick 
sediments are sufficiently promising to stimulate addi- 
tional exploration and test drilling in this vast region. 
Ihe growing Australian demand tor petroleum products 1s 
an additional incentive. 


Papua and 


andated Territory 4 12 12 


13. AUSTRAL 
Exploration of areas where sections of sedimentary 
formations offer any hope tor recovery of petroleum pro 
ducts has continued in four principal areas of Australia 


during 1949. 


IN THE FAR EAST DURING 1949 


amount of activity took place in the 
eastern part of the Great Artesia Basin of Central and 
bastern Australia. Near Homa, where encouraging shows of 
gas and o11 have been found in wells driiled before the 
war, the Commonwealth Bureau of Mineral Resources and 
technicians of the (ueensi and state government have com- 
bined exploration torces with the geologists of four con 
panies holding prospecting permits and petroleum leases 
in this area to thoroughly examine 1,000 sq mi of the 
eastern section of the Cretaceous Basin. One geological 
party, one gravity meter party and one magnetometer party 
have been active in this area throughout 1949. It is 
reported that a seismograph party wiil be used in the 


Roma area curing 1950. 


In the Rolleston District, 150 miles north of Homa, 
the Shell Development Company, Led. announced that a 
five-year exploration program has ied to a suitabie loce 

a deep test in the Paleozoic Basin of East Cen- 
tral Australia. A well to be drilled to 10,000 or 12,000 


tion tor 


ftas expected to be started near Holleston early in 1950. 
A geological party has carried out structural drilling an 
tms area during 1949. 


In t 
the Australian Zine 
for gas production in the Lake Frome Area. One geological 
party was active in this area during 1949. The Kopper- 
amanna test which was started in 1948 was abandoned as a 


1e southwest portion of the Great Artesian Basin, 


orporation has continued to expiore 


dry hole at 3,250 ft early this year. This well was dril- 


ling in Jurassic formations when abandoned. A second well 
(Lake Cootabarlow), 100 m southeast of Kopperamanna, was 
drilled to 1,4 ft where basement was encountered. A 


heavy flowofartesian water was encountered in this well. 


In the Northwest Basin of Western Australia, Ampol, 
Led., (Australian Motorists Petroleum Company) continued 
to stimulate public interest with reports from a recon- 
naissance geological survey carried out during 1949. It 
was reported that one Commonwealth geological party worked 
with geologists of Ampol in this area and in the Lesert 


Hasin to the northeast. 


lhe large paleozoic Lesert Basin area of Western Aus- 
tralia has been under exploration for a number of years 
und several wells have been drilled in it. The Freney 
himberley Oal Comp any has been drilling om their Nerrima 


test in the lower Fitzroy Kiver region since before the 


war. (peratior were shut down early in the war when the 
well had reached 4,271 ft and 1t was reported that work 
was resumed eariy in 1949 but was suspended in September 


at the approach of the rainy season. At that time a fish- 


ing was in progre 


At Lake Entrance Gippsland), Victoria, in Southeast 


ern Australia, Lake Oil Ltd. continued to produce a snail 
amount of oil by drilling horizontally into an o11 sand 
from the bottom of a 1,200 ft shaft. The recovery has 


been reported at three 6b D, the only orl production in 


Australi Tha production is from a Tertiary 


over Lay 


\ tew area ft edimentary tormations were 


1irborne ane Lome t 
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JAPAN 


DEVELOPMENTS IN THE FAR EAST DURING 1949 


Kaohsiung refinery was rehabiiitated during 1948 and is 
capable of a throughput of 15,000 WD. At least one gray 


ity party of the Chinese Petroleum Corporation has been 
active in the flat coastal regions of Western Formosa and ACT 
some drilling may have been carried out. Producti ir é 
cluding casinghead gasoline, 15 thought not ¢t exceed 
20,000 bbi for the entire year, or about Wl 
“ 


during 1948. 


The Yabase Field produces 35 per cent of the ¢ al 1, 122, 14 1, 348, #0 
crude o1!] of Japan, or about 1,500 H/vL. During 1949 a4 new 
producing horizon was discovered at about 3,5(%) it, some 
3,749 


400 tt below Zone VII which had hitherto produced ™ 
t 


he oil. This new deeper horizon has been proved to uncer- 


lie most of the previous outline of the Yabase field and Cumulative crude oil production in 
has added at least 6,000,000 bbi to the previous total of slightly over 94,000,000 bbi. 
15,000,000 bbl of proved reserves for all of Jaa 
A deep test in the northern part of the Yabase fiel 
which was drilling at the end of 1949, has indicated two 
additional roductive horizons below the new “Zone Vill 
one at 4,200 ft, the other at 5, 100 ft. 15. BURMA 
During the year, 12 new producers were driile uN See page 404 for report on Hurma. 
Japan. In addition to the deep test ain the Yabase Field, 
a deep well is being drilled on the kK awagucha ructure 
in northwest Hokkaido, where 1t 1s hoped ¢t test the 
Cretaceous formations of that area. The objective depth 
for this well is 7,000 ft, but at the end of 194" it was 
shut down at approsnamately 3,000 ft bec ause fa ree 16. ASSAM 
show of gas at that depth. Total footage driiied during 
1949 was 167, 31 ft as compared to 89,314 ft iV lhe Ass@ 1) Cor any ontinued its 


level of activity 


the wie 


Petroleum exploration has been continued the erated 1 4h 
active field season of 1949, from April unta vovember 
\ number of geological field parties examines the itera ew extensions in the Liagbos Field were 
of the foothiils to the east of the three producing ed- for the increase in producing c@acity trom 
mentary basins to obtain better stratigraphic informatie 1948 to 5,500 WD in 1949 
and to assist in locating possibie shoreline af ther 
t the lhree wildcat test were completed a8 cry 


stratigraphic trap fields. Une field party cont due 


The oil fields are located in a narrow beit along the 
northwest coastal zone of the main Japanese 2 und of January 14,891 81, 355 Seasonal 
tionshu and near the western coast of the northernmost February 935 89, Seasonal 
island of Hokkaido. All production to date 15 Gerives warch 100 , B6E 105,213 
fram beds in Pliocene and Upper ‘iocene format April 4,784 108,219 
ay 7, 08 114,931 
In Honshu there are three principal producing areas June 105, 697 113, 90¢ 
within three rather shallow sedimentary troughs, tron July 1,%1l 118,824 
south to north these are Niigata, Yanagata and Akita August O61 (strike) 120, 277 
turing 1949 most of the drilling activities were confined eptember | A41 121,340 
to the development of one small field an the Niigata area, Octobe 107 , 23 134,681 
one in the Yamagata district and to the development of November 16,7 126,718 Se ason al 
deeper sands in the Yabase Field of the Akita district December 4,317 131, 555 “ea son al 


Japan sance 187 


43) 


14. FORMOSA - JAPAN urvey of the outcropping formations on Noto Peninsula it 
rder to evaluate the productive possibilities of loy 
{ the Hozo Peninsula southwest 
t id also work in the Cretaceous basin 
No report on petroleum of erations in Formosa Gurimy of Western Nokk alc 
1949 1s presently avaalable, but at 1s known that the 


With the continued aad and advice of the Pett eu 
Hesources Levelopment Promotion Council, which was forme 
during the last half of 1949 to replace the Petroleu there follows a table comparing the monthly production 
Exploration Advisory Group of the National HKesources of crude oil 1 Jqpan during 1948 and 1949. 
Section of the Occupation Forces, the o11 productior i 
Japan has shown 4 small but steady increase throughout 
1949. The total production ot J ay an reached 4, K/I 
during October 1949 and will average 3,750 WD tor the 
year, as compared to a daly average of aout }, bbl 
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11,4637, 104 15, 
1, 294,859 1,75 


Southeast Homeo 
se 


Sanibod | 


Northeast Horneo 
laraka@ 


New Gaines 


Kl 


Hraitish torn 
eria 


China (ks 
Formosa 
par 


Incha 
NI tock 


Grand lotz 
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Kroeka 475, 124 528, 335 1,44 
3 . 5.000 329, 435, 92 1,94 
A, 984, 522 6, 468, 4, 615 17,72 69,A52 2,875,022 7,315 7,8 
58, 1, 232, 907 159 37 
372, 413 29, 593 1, 0% 7 
291,905 76,747 758 134,493 1,743, 588 3 4, 
299 O08 - 677 
24,693,362 54,145 67,653 
33 441, 469 417, 742 1,14 4 
45 1,799 
2.999 699 109 timate 000 101, 500 ALL 1, 100 
31,795 43,443 1, 122,149 1,368, 406 3, 3,749 
"823 «4,821 
— 552 7,043 3, 325 
1,705 1,553 14] 84 558, 565, 750 1, 1,59 
4341 342 +49 O31 1,926, 2,007, 500 5,300 5, 
25,432,669 35, 648, 197 69, Al 97,47 55,941,326 73,443,173 153,159 1, 
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Oil And Gas Developments 


In Germany During 1949 


ABS TKACT GENERAL 


German crude oil productaon reached a postwar recor In the "Knsiand” was tound the great tield kuhler 
of 841,511 tons in 1949, and was at the rate of about twist-Ruhlermoor, an anticline of 10 am length and 3-4 
80 000 tons/ month in December. Ihas was sufficient rude k broad. |he reserves are estimated to be 6,000,000 
oil to ve hly one-third of the requirement f the 2 

tons proven and 6, 30,000 tons probably. In the same area 
western zones of Gennany, and represents about 4 1 per 

between the antaclines of Georgsdort and Adort the great 


cent increase over 1948 production. 


est surprise was to find here the first stratagraphcal 


tra f Germany. In the well Scheerhom No.1, the produc 


lhe ancrease in German production was due above ' tive horizon of the bmsland, the Kentheam- sandstone of 
the continuing development of the Georgsdort, tmlichhea the Valendis (Lower Cretaceous) 1s sealed by the trans 
and Langen tieids in the fmsiand district aujacent to the gression of the maris of Middle Albig. Ihe location 
luteh border in western Gennany. Iwo importa t new tieid was base on a very thorough retlection- seismic work 
at and Scheerhorn, were 4150 dis carried it by our new instruments. 


covered in this area during 1949. 


Ihe two new fields of the old Hanover district are not 
of le interest. In this area were hitherto only salt 
¥ lhe decline of the salt-dome fielas in the old Hanover fjome o1lfieids of different kinds, most of at on the 
district was siowed somewhat by unexpectec extension te flank of the domes, some over the top of the sait and 
the producing areas in several fields, and there were two ome beiow 4 great overhang of sait. It 1s of greatest 
important new pool discoveries in this area, at “wder 
inportance that wath the Suderbruch kieid, 1twas dis 
bruch and Eldingen, whch may suffice to reverse the pro 
duction trend of the Hanover dastrict during 1° iw covered for the first tame an oilfield between the sait 
new fields of apparent importance were ai so found in omes on @ dee; eated anticlinal structure buried under 
Schieswig-Hoistein, in the extreme northwest Gemnany the transere t tne Cretaceous. lhe light o11 comes 
at tipersbuttel and tohenhom. from the Cornbrash, a sandstone of Upper Logger age, at a 
depth of 2,040 m. A samlar anticline between the salt 
structures was tested near bidingen and proved a produc 
MANUSCRIPT RECEIVE N THE OFFICE OF THE IN tion from sandstone of the Lower Laassic. There are open 
May. 1950 ed quite new possibilitues for future exploration 
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Oil And Gas Developments 


In Iran During 1949 
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ABSTKACT 


CRUDE PRODUCT! ON 


* 2, 696,000 long tor 


Lala 396,000 long tor 
Haft Kel 9,909,000 long ton 
Naft Safid 1,038,000 long 

Agha Jari 11, 169,000 long ton 
Gach Saran 1,959,000 long ton 


* Naft-1-Shah 145,000 long tor 


net excluding recycled »roduct 


* Hoth production, 


SULPHUR RECOVERY 


11,000 long tor 
Ab adan 3,000 long ton 
14,900 long 
GENERAL 
Mas) id-i-Sulaiman - No new wells have been crit! 
cycling of products to the reservoir was resume 
the year. 
Lali - This field has been or production through 
vear. Drilling for production and reservoir contr 
tanues. 
Haft Kel - [here have been mo developments o! 
inverest during the year. 


Naft Safid - Iwo new producers have been comp: 


drilling uj of the structure continues. 


Agha Jari - Fields potential has been increase 


ompiletion of two new producers. luring tne yt 


tional production pliant and pipeline facilita 
installed, and the rate of offtake was stepped uj 
to over 100 milion bbi per amumn. 
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7,000 long ton 


ANGLO- IRANI AN 


OIL 


Naft-i-Shah - Production has continued to 


MP ANY, 


wel 


continuous production 


supply local 


arket requirements northwest lran. Keecycling of pro 
ducts to the reservoir ontinues 
Ahwaz - Exploratory drilling in progress. 
PR 
T 
| 1949 
t 
| pas N ARR 
| 
as} d-1 3, , 6, 000 21, 105,000 
ali BI 700 396,000 
Haft hel 1 790, 464 5.737, 400 | 9, 404,000 72, 673, 000 
Naft Safad 164, | 1,038, 00 7,833,000 
Gach Sarm ORD) 94 14,779, 800 | 1,959,000 | 14, 47 ,000 
Naft-1-Shah 40,813} 1,131,700 145,000) 1, 159, 000 
| 
lotal 4, 87 1,058 |190, 383, 300 126, 807 , 000 7 12,000 
Provisional and may be subject to correction 
lo nearest 1M) bbi 
lo nearest O00 tons 
lo nearest bbi 
Net Productaon, 1.e. exelucing recycled products 
The tal amount { sulphur produced during the year 
it the sulphur recovery piants was 14.000 tons, of which 
11, ms were roduced at Masjid-1- Sulaiman and 3,000 
tor at Abadan 
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Oil And Gas 


In Kuwait 


By KUWAI1 


Development of the Hurgan Field continued throughout 
1949. Forty-nine wells were completed during the year, 
bringing the number of completed wells up to 86, with 6! 
wells actually producing and the remaining wells awaiting 
connection to gathering centers. 


Twelve drilling rigs were in operation during the year 
with an average cycle period of 80 days per well, while 
the average time per well from spudding-1in to completion 
was 65 days. Ihe total footage drilled during the year 
was 246,733 ft. 


In August drilling was commenced on a deep test well 
for the purpose of exploring the hori ans below the pres- 
ent Hurgan producing series. A special heavy type rig rs 
being used for this drilling. Iwenty-inch casing was set 
at 644 ft and 13 3/8-anch casing at 3,576 ft. 


Production from the Burgan wells was obtained fron 
three zones between 3,500 and 4,800 ft and the total 
quantity of crude oil received into the Ahmadi storage 
tanks was 89,930,444 bbl for the year. 


The crude o11 collected from the wells passes through 
four gathering centers having a total capacity of @prox- 
imately 410,000 WD. Iwo of these gathering centers were 
commissioned during the year, one in January and one in 
May, whale the construction of a fifth gathering center 
1s nearing completion. It 1s planned that each gathering 
center wli have a capacity of approamately 100,000 B/D. 


From the gathering centers the oil 1s pumped to the 
tank farm at Ahmadi 10 miles distant by means of tw ™- 
inch transat lines. 
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Developments 


During 1949 
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During 1949 five further tanks of 168,000 bbl capacity 
were put into commission for oal storage in the Ahmad 
Tank Farm. The total tankage now consists of mine 168.000 
bb! and six 139,000 bb! tanks. A further sax 168,000 bbi 
tanks are in course of erectaon and these wil bring the 
total storage capacity of the tank farm up to 3,018,600 
bbi. 


In addition to the above tanks erected at Almada three 
168,000 bbl tanks were constructed during the year under 
review at Viena Al Ahmadi. Iwo of these tanks have been 
allocated to the storage of distiliate and furnace oi! 
and the third to crude o1) for export in conjunction wth 
the loading pumphouse 


The export of crude is effected through five gravity 
lines, 2-22-inch dia. and 3-24-inch dia. each amprou- 
mately 6 1/4 mai long, wach run from the tank farm to the 
oil loading jetty at Mena al Atmadi; the last three of 
these lines (24-inch) were commissioned during 1949. 


lhe original submarine loading lines to the tanker 
berths have now been replaced by the new onl jetty which 
was comm ssioned in November 1949. This jetty comprises 
an approach pier 4,140 ft long carrying a 24 ft roadway 
and 35 {t pipeway and a 7 head for the oal and cargo 
jetties. The oil head, 2,805 ft long by 105 ft mde, pro- 
vides berths for sax tankers to load simultaneously and 
has a designed export capacity of 500,000 WD. 


[he cargo henaa 1,076 ft long by 100 ft wide provides 
berths tor two cargo #ups. 

A total of 803 tankers was loaded in 1949 and 88,643, 
QRS bbl of crude o1l and 103,105 bbl of distillate were 
exported fram Kuwaat during the year. 

The loppang Plant and Hefinery for the processing of 
crude o1!1 for bunker oils and local producte was comm s- 
stoned in November. The capacity of this plant 1s 25,000 
B/b. 
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Petroleum production in Peru during 1949 totaled 
14,796,092 bbl amounting to 40,537 H/D, @ peak production 
figure during the years since 1938. Ihe figure also 
represents a five per cent increase over the 1948 figure. 
Ihe Ganzo Awl Field of the Montana region is the only 
producang area in thereport outside the Northwest Coastal 
area. International continued as the leading producer, 
accounting for a large part of the 1949 increase in pro- 
duction. No significant new reserves were noted. 


Foreign companies mthout established production have 
been caused to leave Peru due to the absence of an ade- 
quate petroleum law. Consequently, International was the 
sole organization continuing with surface exploration 
work which centered in the Montana area. lhe company al so 
tarred on work on the La Brea-Parinas bstate. Only eight 
party months were spent on the tieid. 


In 1949, one-hundred sixty-six exploitation and 26 
exploration wells were completed. Intemational conpleted 
eight of 25 exploration wells. Of these completions,a few 
are marginal producers and are not considered as having 
revealed commercial reserves. Uf the commercial reserves 
discovered, all are field extensions in failt blocks ad- 
jacent to producing areas. At the end of 1949, there was 
no exploration drilling taking place in Peru. 


Legislation of special interest to the exploration 
oranch of the industry may be summarized as follows: 


Decree of January 1949 


Obligated all entities who had done work of ageodetic, 
astronomic, topographic, photogrammetric and aerial 
photographic nature to give a copy of thear work tothe 
govermment. A copy of the calculations and description 
of the work was also required. 


2. Supreme Decrees md Kesolutions of September 15th 


These were issued in an attempt to clarify and |ibera- 
laze the country’s petroleum policy. 


As of that date the office of "Inrector de Petroleo" 
was formed wthin the Vanistry of Fomento. The Empresa 
Petrolera Fiscal, since April 2nd, 1948, was made a d- 
rect dependency of the Ministry of komento under the lh- 
rector of Petrol eum. 


Supreme Resolubion No. 6 of September 15th, attenpted 
to attract foreign capital and encourage exploration 
by authori aging the Ministry af Fomento to grant per- 
mits to conduct exploration work in "free areas.” As 
this wuld exclude national reserves it applied essen- 
tially to Sierra and Montana zones. Articles 5 and 6 


MANUSCRIPT RECEIVED IN THE OFFICE OF THE INSTITUTE 
May, 1950. 


Oil And Gas Developments 
In Peru During 1949 


444 


of this decree authorized the government to appoint a 
representative to observe both field and office work 
and required the submission of reports, maps, etc. on 
work done under the decree. hese articles were liber- 
alized by Supreme Kesolution No. 24 of November 3rd 
which stated that an observer would only be appointed 
for work within 530 kms. of the international boundary 
and that reports could not be requested before three 
years had elapsed after the completion of the work. 


3. Proposed New Petroleum Law 


A proposed new petroleum law was made public by publi- 
cation in the press December 1, 1949. At the tame of 
writing this law has not been promulgated and it is 
considered likely that no action will be taken on it 
before Congress meets which mil not be before the se- 
cond half of the year. The proposed law divides the 
country into four zones: Continental Shelf, Coastal, 
Sierra and Oriente (Montana) for which there are dif- 
ferent regulations as to concessions, royalty, texes, 
etc. Same features of the law are tabulated below 


{ON COASTAL SIERRA QI ENTE 


Maximum size of Concession 


(Hectares) 6,000 80,000 200,000 
Ina taal Period (Years) 4 5 f 
Extension Period (Years) 2 4 5 
hefundable Guarantee Deposit 
(soles per Hectare) 3.00 1.00 0. DO 
Annual taxes for Hec. (Soles) 
Inataal Period 2,00 1.00 0. 0 
Extension Period 4.00 00 
Exploitataor 
\iaxamum size of Concessions 
(Hectares) - (Not to exceed 
one half of Exploration con- 
cession from which they are 
jeri ved ) 30, OOF 40,000 100 ,000 
luratior 
Initial Peric Years) 
Extention Period (Years) x 25 
Initial Fee (Soles per hec. 25.00 6.25 
Annual jlexes for Hec. (Soles 
first 10 years 5.00 2. 1.25 
Third 5 years 10,00 5.00 
Fourt! years 15. 00 7. 3.75 
ritth years ). 10, 5. 
thereafter 5. 12. 6. 25 
Royalty 12 5% 6% 
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Additional features of interest are: concessions. 


Concessions must be rectangular and the ratio of the 6. Concessions on 


the continental shelf may be obtained 
snaller to greater dimension must not exceed | { 


under unspecafied tems but they may be less favorable 
to the State than the terms for the coastal zone. 


2. There are no work obligations except as forced indi 
rectly by taxes and the length of exploration period. 7. Concessions on National Heserve lands may be obtained 


under special terms which in no case may be less fav- 
3. Technical reports including geological and geophysical Orabie tor the State than those specatied in the | aw 
may be requested tor work done on concessions. for the zone in which the National heserves fail. 


4. Exploration work 1s pemmitted in areas not covered by R. lhere is no limit to the number of em loration or ex 


concessions and National heserves. piloitation concessions that may be held by any one 


Practically no surveying 1s required for exploratioy ents ty. 


Me 


ANY 


International Petroleum Co. | td. 
La Brea Varinas Estate 312,015, 398 L1, 362, 498 31,045 11,912,964 32,638 


Compania Petrolera Lobatos 


Lobitos, kj Alito and Los Urgamos 69,975, 161 ’, 472, 969 6,757 2 621,779 7,183 


Bia, oi vt 


Empresa Petrolera Fiscal 
forritos and Los Organos 4,402,050 ° 112, 603 WB 121, 152 332 


Compania Ganzo 
Aguas Calientes 649, 483 120,810 330 140, 197 384 


Total Peru 387 42,092 14, 068 ,BA0 8,44) 796,092 40, 537 


* Includes 286,644 bbl from the abandoned Pirin Field 


Geological 
Sel smogr aph 
Gravity 


Total 


Northwest Coastal Zone 
Intemational f 3 2] i] 72 l 7 100 
Lobitos 45 { 2 47 59 l 4 62 


E.P.F. 


Total kxploitation 


Northwest Coastal Zone 


International 2 19 31 ] 25 
Eastern Peru (Montana) 
Cia. "El Oriente” ( ] 
E.P. F. 


Total Exploration 


Grand Total 
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| 
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REACE x a 
68 31 
| 12 
4 KPL TA 
COMPANY 1945 1949 
3 
LPLORATION 
j 
125 5 43 173 ) ¢ 
14 3 49 192 


PROUUCTION 


International Petrol eum 

(o,. Led, La Hrea Parnas Varinas hoc. 
| Canoes on Saline 

Petmiera Labiws Cato toc. 
lLotatos & Hestam Alw Lower Caverno 

Ami 

Caliente \ue (aliente, Cre! 1999 
Petrolera Fiscal forntos, Yao 

Los & orntwos leath, lig 

Hama, 
| Lovermment of Peru 
roya, Cre | 


no true condensate production in Peru 
The production reported in past years hes re- 
ferred to the mawiacture of casungheal gasoline 
by campression of wet gas. 
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T T T — 
NUMBE WELLS PROM N PRE SSURE ARACTER zone 
. 949 TO Eno of 1949 
“4 < - NAME 
1 | 4,049) 125 x 25 | 1,95 § | | 35 | Nene | Pennsyl vara an 5, BA 
2 1, 37 x «x x x ¥ bocene 6, 
| 
| 
4 4 x x None x x 4] x ™ hocene 4,051 
| None None None Nane x x x ane | AF x 


Thos figure includes sume flowing wills 


DORREEN 447 
‘ 
| 
ee 
4 
| 
| 
{ 
} 


WELL 


La tree 


Parnas Conc. 


La 


Parinas Conc. 


25 Le Bree 
Parnas Con 
94) Le ree 


Pannm Canc 


#45 La Bree 


Vannas (onc 


SUMMARY OF DRILLING OPERATIONS 


IMPORTANT 


“aline 
Pannas 


Parinas 


RL 19°24. 
4°35'28 D"S Talara Send- Pale Creda 


stone 
5, FA Pom Amo tape 
al 


Nanber of wells dmiiing Lec. 31, 1949 
Number of wells completed during 194 
Number of gas wells completed during 1949 
Number of dry holes cumpleted dunng 194 


| LasceManta Poo! 


16 | seArenal Pool 


448 TALE 2 iN PERU CURING 1949 
MATS ORILLED IN 1949 
A \ = |} 
Ale 15" 49. | 
4.12% 3,132) Verdun A 35 ? 
4°R' 4 Ve rebar 1. P. V4 1,40 
i 
‘ ing | | 
N PROVEN ELDS WILDCATS 
+ 
| 
25 | 
lf 
| + 4 | 
{i 
j 
j 
1 
i 
4 


iat 


Oil And Gas Developments 


In Trinidad During 1949 


Production of petroleum in Trinidad during 1949 was Ihe antroduction of 


oil base mud has proved to be 
20,493, 334 bbl as compared with 20 , 202, 253 bbl an 1948. highiy successtul in 


overcoming the hazards of caving 
formation ne well at Barrackpore was drilled from the 
A total of 142 wells, excluding wildcats, was completed conductor shoe at 1,053) ft to 10,01R ft an steeply dip- 
during the year. Of these, 130 were productive and 1? ping crushed shales carrying 011] base mud. This 1s cl amed 
were dry holes. to be the longest open hole section ever drilled in Trine 
1 dad. 
At year’s end there were 2,304 wells on production, 
which 655 were flowing and 1,649 were on artificial lift. Mnother significant development has been the introduc- 
tion of diamond coring equipment for the first tame. 
ine or the major developments during the year has beer taghly satisfactory results are claimed to have been ob- 
the southern extension of the Penal-Barrackpore pool tained wath this equipment an the corang of fractured 
where deep Herrera sands have been encountered between rocks, and recoveries of 94 per cent have been obtained 
8,000 ft and 10,000 ft. as compared with 45 per cent and 2? per cent in similar 
rocks with conventional equipment. 
Exploration was actively carried on in the southeast 
area of the I sland where several deep wells were drilled 
While no new pools have been disavered to date, the ex- 
ploration program in this area continues to be active. 
REFINING 
The drilling depth record was surpassed during the 
year when an exploration well located at Otaherte was Ihe refinerses at Point-a-Pierre and Point Fortin, 
drilled to 12,141 ft and abandoned as a dry hole operated by Trinidad Leaseholds Limited and United British 
Oilfields of Trinidad Limited respectively, continue to 
Significant developments during the year were the in handle the bulk of the Colony’s crude. 
troduction of o11 base drilling mud, and the introduction 
by the Schlumberger Company of induction logging for use The Point-A-Pierre refinery has a total crude charg- 
in this md. ing capacity of 75,000 B/D with a cracking capacity of 
5 K/L. Daily crude runs at the end of 1949 were 
bbi 


The Point Fortin Hefinery has a charging capacity of 
00 WD, and was running 25,900 B/D at end of 1949. 
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Oil And Gas Developments 


In Venezuela During 1949 


By D. C. PORTERFIELD + 


Venezuelan production during 1949 was dow 1.6 per Hefinery capacity of the country was increased from 


cent from the peak year 1948 to a total of 482,339,000 130,000 B/D to approximately 240,000 B/L bythe completion 
bbl. Although the total for 1949 was slightly less than of Shell’ s 4,000 B/L plant at Cardon and Creole’ s 60,000 
for 1948, a new all-tame high for the country of 1,476,000 B/D refinery at Amuay, both on the west coast of the 
B/D was reached in November, 1949, and at year’s end, Paraguana Peninsula. Creole’s small 10,000 BYE topping 
production was averaging 1,4 ,000 W/L. plant at La Salina on Lake Maracaibo was dismm™mtled when 


the Amay plant went on The Venezuela Gulf Re- 


Production from Western Venemela, where the Bolivar fining Company and the Texas Petroleum Company continued 
Coastal Field ad the La Paz and Vara Cretaceous Fields with the erection of their joint 25,000- 35,000 B/D refin- 
are located, anounted to 69 per cent of the entire coun- ery at Puerto la Cruz, and it 1s expected that the plant 
try. Industry cumlative production passed the five bil- will be completed before the middle of 1950. Other con- 
bion barrel mark a few days prior to the end of the year struction during the year included an 1R-inch pipe line 
and on December 31 had reached a total of 5,003,932, 000 from Hichmond’s Boscan Field to a terminal at Bajo Grande 


bbl. south of Maracaibo, a crude stabilization, absorption, 
desai ting, dehydration and pressure maintenance lant in 


A total of 622 wells were com leted during 1949 com- the Mulata Field and a natural gasoline recovery plant in 


: pared with ARA in 1948. 1949 completions included 444 the La Paz Field. 
field wells, of whach 430 were successful, and 234 ex- 
ploratory wells, of which 1® were oi] producers and four Water flooding was tried for the first time in Vene- 
were gas wells. An average of 100 rigs were operated zuel a by the \iene Grande (il Compamy in ats Ambrosio Field 
throughout 1949 compared with 129 during 1948. Higs oper- in Lake Maracaibo and its Oficina Field in central Anwa- 
ated in 1949 decreased from 131 at the beginning of the tegui 


year to BO at the close of the period. 
No new concessions were granted in 1949, and as the 


Wildeat dralling resulted in the discovery of 14 new result of renouncements during the year, the total area 
fields, seven of which are in the Greater Oficina area of of cone in force was rediced from 18,402,000 acres 
central Anzoategui, one in the Santa Ana-San Joaquin-tl at the beginning of the year to 17, 147,000 acres at 
loble area of northern Anzoategui, three in the Las ‘ier year’s end. 
cedes- lucupido area of eastern Wuarico, three in Westem 
Venezuela and two in the State of Hamnas. Jen successful txploration actavaty in the field decreased during the 
deeper pool tests were also completed. Iiscoverires of and year as may be seen from the followng tabul ation 
extensions to »roved reserves exceeded production during 
the year TOTAL \ TRY PARTY 


Of particular interest conceming ex lorataan drilling “el smc 3 


was the unusual number of deep wildeats drilled in Vene- Gravity 14.2 4. 1 

mela during the year. Shell's Cl-! the southwestem Magnetic 1.5 

shore of Lake Maracaabo was abandoned at adepth of 15,437 “urface 259.4 221.5 

ft and currently is the deepest well in the Western Hem- Structure Drill 34.5 54. 

sphere outside of the U. A Shell's successful wildcat, 
Sabucara-5, near the city of Maracaibo, completed at a lotal 621.3 490.9 

depth of 13,451 ft, 1s one of the world’s deepest commer- 

eral oil wells. A total of ten wells were completed or Following is a comparison of the number of field par- 
abandoned at depths greater than 12,000 ft and three ties active in Venezuela at the beginning and the end of 
wells were dralling below that depth at year's end. the year: 


Exports of crude and products from Venezuela totaled 
462,918,000 bbl, including bunkers, compared wth 472,734, Y 
N00 bbi an 1948 Sel smu 


Uravity 


Magnetic 
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PEFATION N VENEZUELA DUR ( 453 : 
IMPORTANT ATS DRILLED IN 1949 
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VENEZUELA LURING 
| 
EASTERN VENEZUELA 
i | | Aso Micana, Yao-Olig 1934, 647 11, 134 7] 
| 2 | Caw | Ofieana, Yao-Olag 19% 7 124, 73 522 Lan ) ) 
| Ofieana, Yho-Cilig 1947} 6, 96 6, 413,075 x 6, 4,715 
| EL ipble Merecure, (lig 999} 14, 474 17, 194, 498 1, RAG, 699 x 11,2 | 16,276 | 8.611) 
| Ohana, Sho-Olig 
| FL Mereaure, Olay 1947 | 1,788 1, 12,07 754, 215 x 1, 389 | BAO | ITE 0 
| Ohana, Mao lig | 
| 6] Miana, MaoOlig | 1947 7M 493, 725 45, 13 x 1. 0 
| (uara * ‘fiana, 1942 | 8,46 134,057, 482) 24, A2, 136 x x 26, 855 | 1.089 
| | (umnite La Pasa, ‘ho 1948 425 188, 176,902 x 226 2D 0 
| 9} Ofieana, Sao lig 944 1,61 5, 170, 121 4, 406, 49 x 25, 453 5, 419 | | 
Inca Ohana, SacOlig 1949 ™ 4,58 11.58 ) 0 
LL | Jusepan La Pica, ‘no / 9% 7,012 119, 105, 19] 11, 524, #0 x Aa P, 22 |3.412 
Carepata, 
12 | Ldlesbea Vereaure, Olig 1944 54, 274 x x 5. 
13 | Leona * vho-Olig 19% |) 5,913 10, 493, 293 2,044, 412 x x 2, 194 |1.073 0 ( 
14 | Vate Grande La Picea, 1, 471,092 (42, 004 x x x x ( { 
5 Mercedes La Pascua, YaoOlig 194] | 3,000 5, 744,084 64), 13 x x x x 0 
(retaceous 
14 Merey * hana YhoHlig 196% | 1,198 442 104,941 x x al 779 0 
La Pica, \ao 1941 486 51, 921, 224 6,780,741 104,770 | 2,982 | 3,009 0 
IA | * MoOlig 19945 | 7,34 25, 416 12, 49 x x | 17,389 |1.374 { 0 
19 | * Ofieana, 19%? | 17,877 153, 40, 44 14, R24, 44 x | 2,94 0 0 
D | Palamo Hobleato, Vic-Olig 19446 ag 4346, 249 1,849,951 x 1, #1 1,085 SAE 0 ) 
21 | Pedernal es La Pica, Yao 1933 | 12, 544, 4683 2 10 945 7,822 7? 413 0 0 
2 | Pela Ofteana, MacOlag 1947 ZA 189, 473 114, 982 x x x x 0 0 
23) Pirgmue La Pascua, Mac-Olig | 1949 Lat x x x | 0 
24) Parmtal (Avpa) La Pica, Yao 1945 87 37 8.277 x x x x 0 
25 | Qusanare Oficina, Mao-Olig 1942 | 3,30 695,933 ©, 376 x x 78 | 1.580} 0 
| 26 | (uriqare Qanqure, Plo 1927 | 11,885 32h, 416,081) 23,247, x 151,723 | 14,846 6% 0 
| Merecure, Olig 
7) ime LaPascua, 2,045 774 181,774 x x x 0 ( 
4 Saban Chameraws, Olig | 126, 100, 37 x x x x 0 
La Pascua, Olig 
San Offeana, VacOlig 1999 | 12, 465 R27, 774 6,073,723 x 119,096 | 22,94 3.704 0 
Merecure, (lig 
Hoge ‘fieana, Yao-Olig 1198 7D 1,109 141 1,10, 141 x x x 0 
Merecure, Clig 
Santa Ane Merecure, 19%) 2.0R5 6, 333,081 1, 35, 8% x 4,70 (2.9 
| Senta Karbare La Picea, Mao 1941 | 34,741,755 54,37 x x x ( 
| 33 | Sante Ofiana, 1941 | 2,742 5,820,752 1, 108, 183 x 3,413 3.08 0 
olemb! air Ofieana, 19% | 4,328 31,99), 7A 3,721, 254 9,1 1, 252 334 
| Travieso La Pica, Mao 1941 | 2,900 , 5A2, 517,558 x 4,495 1.728 0 
|  Tuagad> Tan fiablecato, Olig (19946, 2,775 4,892, 241 043 x x 
Olig 
Oficana, Vao-Olig 9945, 1,295 4, 255, 424 2,19, 537 x 111 214 0 
B  Yopales * Ofieana, SacOlig 1937 | 1,735 25 | x x 1,43 0 
thers (1) R193 x x x x ( 
@ | Total Eastern Vene mela 19,01 1,072 x x x 0 
' WESTEMN VENEZUELA 
| Mostrencos, foc 1oR x x x ( 
42 | Ebliver (bastal field Yao, Olig, Foc 197 | 187,91 3,155,2 x | 77 ( 
Hoscm leotea, 1,5 l 


Cuma 


46 | Hombre Pinta 1977 1» 4, DO,816 254, 03 x x x { 
| Le Cancepeaan, bo« 1925 2,09 33, 825, 899 \ x 5A, 413 |1.%74 0 
Lalana, Cogol io 
Cretacemus 1948 4l x 724 94 0 0 
Caneeqpeaon, bor 925 154,9%4, 078; 1,170,831 x 425 54 0 
| (uasare, Paleo 
Glon, La lana 1944 1 166 OF war 32,942 RS ) 
Logollo, Cre 
Los Manueles Sdy shales, “iradr, 1977 41.00 % x OR 1.146 
box 
Mare Cre l 1945 A, 47R,005; 27, x | 7,572 
51 Girande \ho 1914 8,99 399,512,074 =17, 2,776 x 4,915 4,39 49 0 


soa, lio 


Neu ck Box 722, 02 A? x x 49 ) 
Sabucare Cre I 4, 469 2,453, 192 x 4, 18D 0 
S|) Tarra (Las Cries) Ma redor, trd Coal toc 1914 2,61 519 1,3 
5S West Terra Cre | 1947 3,879 545 var 6, 3,473 | 3, 128 
thers (2 2,425 41, 557 x x x x 
Total Sestem Venemela 27), 103) 3,931,533, 334, 28 x x ) 
Total All Vememeia 418, 704 2 x 


Originally one field, now a district (1) Uthers” include the following fields Cumoco, (2) “Others” include the following fields: El Mene de 
or wre fields. Gapacho, Arqua, Frentes, Las lias, los Car tos Acosta, El Memto, Totumo, Ensenada, Las Palmas, 
Magan, Mon che, Orocual, Pelas, Pelan, Socororo, Los Berrosos, Macoa, Manon, Mecha, Visoa, Vonte (laro 
| Cacha camo, ( Tabasca) Pio de Oro, San Jose. | 


ite 


i) 
Las Flores, 
| \bsqnto, {1931 551 $1,105,195) 1, 424, x 25,48 | 1,531 0 
} 
| 


A 2 | \. icine we 
4 IF Merecure 11,88 


Ofieane 


S i x A sunta Ines 


4, x \ Cre (7) 4.705 
x Cre 


l 1 a 45 A ‘ereaure 


x x x Vo st rencos 4,92 


NUMBER |} WELLS PRODI N pas aga EEPEST ZONE resteo" 
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‘ 4 ? 0 0} x x a2 sip 
Ae 
‘ we Hits 
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0 265 24 | 2,700 345 ? s| | AF! Ohg 
| 13 2} 3,000 |2, 40 IMF] Ge 74403 | 
| 14 l x x x +35 CO Carqita 
283 0 134 2 | 2, |1, 19 11 sj 4.00% Mo 7,9 
19 2 109 2) 2,390 pw 4, (00K 75 Fi Cre 7,97 
24 f f 1 x 4.52 x x Olig 4,818 
1 0 0 x x 0.1 x x | Olig 11,401 
31 13 4 ll 6 3,075 6,008 A‘ Merecure 
124 f 1} 1,700/1, % 18a 45 Tend! aor 4,299 | 
2 
| 
7 0 x 7 5, 44 75) MF) Temblatr 6.754 | 
) l é 1 1,700 | 1, 1.2 2 ¥ Cre 4.015 | 
4, IAS us 24 1,627 194 12 
42 | 5,113 n4 4; 2,461 x 12-31 S| P 19 | Ge 13,841 | 
44 13 0 » 4 l 45 Miocene 
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| 
| | 
By 
' 


Index 1949 Production Statistics 


DOMEST!C 


Alabama, By Janes Proctor 
Arkansas, By Donald H. Mackay . 


Atlantic Coastal Plain, By FE. W. Berry ‘ 146 
Cali forma, By L. FE. Porter andL. W. Chasteen . 374 
Colorado, By Kaymond M. Larsen 344 
Georgie, By James Proctor . . © © © © 322 
Hugoton Gas Field, By J. F. Lougherty — 373 
Illinois, By Alfred H. Bell and Virginia [line LA? 

l 


Indiana, By Esarey and Brooks . 
Kaenses, By J. BR Steele, Jr., aondJ. H. Page. . «© © © © 95 


Kentucky, Hy Coleman D. Hunter, Lley Browning, Jr., 
Walter Scott Krowning and Woodson Li anond ‘ 83 
Louisiana, By Leo W. Hough and Arnold © Chamviere . 31 
Massissippa, By James Proctor @md N. “lorse 323 
Montana, By Kaymond Vi. Larsen . 345 
New Mexico, By John M. Kelly and Fdward Kanmey . 314 
New York, By William Lynn Kreidler val 2 
North Dakota, By Raymond Vi. Larsen 345 
Ohio, By L. Alkire 59 
Oklahoma 
Central, By Charlies S. Larkey 2m) 
Fast Central, By Thomas Baird © 244 
Fast Central Creek County, By VM. B. Penn 252 
{ Oklahoma City Area, By Ward Fdinger . . «© © © «© « 
Osage County, By R. FE. McMillen 256 
Seminole Area, By James A. Bermingham, Jr. . 2% 
Pennsylvania, By Charles K. Fettke . 
tiocky Mountain Kegion, By Raymond M. Larsen 343 
| South Dakota, Ky Haymond M. Larsen 345 
Tennessee, By C 290) 
lexas 
East and Fast Central, By John S Bell and Billy ¥. Fvans. . . . . 118 
North, By G Sinclair. . 151 
North Central, By J. B. Harrell, Jr. 65 
Panhandle, By J. F. Dougherty 348 
South, By C. S. Wilson . AF 
South Central, By William H. Spice, Jr. 76 
Upper Gulf Coast, By Paul B. Leavenworth and Sidney A Parkans, Jr. . 14 
West, By L. H. Thawley 293 
Utah, By Haymond M. Larsen . ee 346 
Washington, By L. E.- Porter and L. Chasteen 375 
F 398 


West Virgina 
Wyoming, By Kaymond Larsen 


FORE | GN 


Bahrein Island, Saudi Arabia amd Qatar, By J. 1. Luce and N.F. Baker. . 410 


Braal, By Avelino Oliverra 105 
Burma, India and Pakistan 404 
Canada, By The Geological Survey of Canada 419 


Colombia, By G. F. Dean and G. Barrow 417 
Egypt, By E. le M. Trafford 422 

Including Indonesia, North Sumatra, Mid-Sumatra, South Sumatra, 

Britash Borneo, Northeast Borneo, Southeast Hormeo, J ava, 

Netherl ands New Guinea, China, Philippines, Papua and 

Mandated Territory, Australia, Formosa, Japan and Assam. 
Cermany, By A. Bentz 432 
Iran, By Anglo-Iranian Oil Co., Ltd... 437 
Kuwait, By Kuwaat Oil Go., Led. wow 44] 
Netherlands, By A. A G. Scheferdecker 408 
Trinidad, By P. T. O'Connor... . $49 
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Utilization of Engineers 
In the last World War the special 


talents of engineers, like those of many 
other groups of professional men, were 
to a large extent wasted. Further. their 
training in the colleges was interrupted, 
~o that the postwar supply was inade 
quate. Only in the last year has the 
supply equaled the demand. Members 
of the national engineering societies 
have often suggested that seme action 
should be taken looking to a better uti- 
lization of their talents in future emer- 
gencies. They are not trying to evade 
service to their country, although few 
people look forward to taking up a gun 
and going out to shoot somebody, but 
they feel that it is to the country’s inter- 
est as well as their own to serve where 
they can to the best advantage. 


With the draft boards again picking 
up engineers for nonengineering mili 
tary service, the problem has again be 
come acute. Engineers Joint Council, 
representing the AIME, ASME, 
ASCE. and AIChE. has therefore set up 
an Engineering Manpower Commission. 
in which the American Society for En 
gineering Education is also represented 
Its function is to develop “policies and 
procedures designed to secure the most 
effective use of engineering skills and 
experience in industry and government 
(civilian and military) during the emer 
geney and to take necessary steps within 
the scope of EJC to put such policies 
and procedures into practice.” Three 
AIME 


Branch of Institute activities. are acting 


representatives, one for each 


on this Commission: George B. Corless 
of the Standard Oil Co. 
Lightner, Carnegie-Hlinois Meel Corp 

and H. J. O'Carroll, Kennecott, Copper 
Corp. 

The Commission held an organiza- 
tional meeting in New York on October 
12. and two or three subsequent meet 
ings have also been held or planned. 
working 


Similar groups have been 


through the American Chemical So 
ciety. the American Institute of Physics. 
and the National Research Council. and 
study of the general problem of the 
best utilization of professional men has 
also been undertaken by six committees 
advisory to General Hershey. director 
of Selective Service. These groups are 
reporting to the National Security Re 
sources Board 


December, 1950 


of Shings 


One is likely to underestimate the 
complexities of the problem, and per 
haps to overlook the political angles 
Almost every skilled laborer thinks he 
can serve his country better than by 
carrying a gun, and why should any 
white collar man be deferred. Military 
service by practically every physically 
fit man was fyndamental in the idea of 
the Selective Service Act. Even if the 
idea be accepted that outstanding engi 
neers and scientists be treated differ 
ently from others, the problem remains 
of registering them, finding the proper 
thing for them to do. and deciding on 
a cutoff point 


The Commission has made neo final 
report, as this is written, but has agreed 
that fundamentally the long-range prob 
lem is (1) maintaining an 
adequate supply of personnel of the 


necessary abilities. and (2) 


assigning 
this personnel to the maximum advan 
tage. The programs to be recommended 
must also take 
desirable on a large-scale or full mo 


account of what is 


bilization basis. on a partial mobiliza 
tion basis. with medium military forces 
and, lastly, on the present 3,000,000 


man military force basis 


To maintain an adequate supply of 
engineers it is felt that deferment from 
military service should be granted to 
those wishing to enter engineering 
schools who show exceptional promise 
and that definite percentages of this 
group be advanced each year to the 


sophomore, junior, and senior classes 


Fighty. 85. and 90 per cent. respec 
tively. has been suggested. so that 61 
per cent of a well-selected freshman 
group would graduate. Fixed survival 
percentages would prevent any com 


plaint of academic grade juggling 


For all-out mobilization. registration 
of all scientific and technical personnel 
both men and women hetwe en the age- 
of 18 and 65 has been proposed. Regis 
trants would include those with bache 
lor or higher degrees in’ engineering 
physies. and chemistry: those enrolled 
in training programs: those employed 


in these fields without regard to edu 


cation: and perhaps highly skilled tech 
nicians. Selective Service would han 
dle the registration. The group thus 
registered after proper screening 


would constitute a “National Technical 


JOURNAL OF PETROLEUM TECHNOLOGY 


. . . @s followed by EDWARD H. ROBIE 
Secretary AIME 


Reserve.” membership in which would 
be comparable to membership in’ the 
irmed forces or in the military reserve 
indication of 
membership, would be desirable be 
cause of social pressures. 


“National 
Board,” 
committees, would be set up to assign 


Some badge. or other 


Manpower 
with regional and specialized 


Technical 


duties to those registered. including as- 
signment to and withdrawal from the 
military forces. 


For partial mobilization, is  pro- 
posed that the above plan be adopted 
on a skeletonized basis, carrving a® 
signments by the Board only to the 
extent necessary. 

Admittedly, all this should have been 
done some time ago. But better late 
than never, and it is hoped that some 
immediately 
or after any required legislation can 
be enacted, which will prevent some af 


action may result. either 


the waste of technologic and profes 
sional manpower that has until now 
existed in this country in times of mili- 
tary emergency. 


One-Sixth Foreign 


AIME members living outside of the 
{nited States frequently complain of 
the diffeulty of securing American dol- 
lars with which to pay their dues. Ef 
forts have been made to devise some 
means of easing the burden but so far 
without result. Deposits of foreign cur- 
rency to the credit of the Institute can- 
not be utilized, for the expense of con- 
ducting the society has to be paid in 
American dollars 

A+ late as 1938, 25 per cent of the 
membership resided foreign lands 
The exigencies of the last World War 
reduced this percentage to 16 per cent 
in 1944, and it has since remained at 
hetween 15 and 17 per cent. The cur 
rent figure is 16 per cent, and of this 
group of foreign members. 23 per cent 
are in South America, 21 per cent in 
Canada, 20 per cent in Europe, and 9 
per cent in Mexico. It seems, therefore 
that some 2.600 AIME members living 
in foreign countries can still) secure 
American dollars, so the problem can 
net be tee acute. Many, of course 
balances in banks this 
particularly 
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kant B 
petroleum consultant for the National 
City Bank of New 
York. He resigned 


us general 


has been appointed 


mana- 
ger for Canada of 
the Union Oi Co, 
of California to 
take the 
He is a past pres 
ident of the Amer 


position, 


wan Association 
of Petroleum Ge- 
ologists and a fellow of the Geological 
Society of America. He is also a mem 
ber of the Instituto Sudamericano del 
Petroleo. the Pan American Institute 
of Mining Engineering and 


He has served pro 


Geology 
and other societies 
fessionally as division geologist, assist 
and chief geologist 


+ 


GAYLOKD, viee-president of 


ant chief geologist 


kann G 
the California Research Corp 
“Certiheate of 
Committee of 


hus been 
awarded a Apprecia 
tion” by the Research 
the Board of Directors of the 
The certificate was 
presented at the recent APL meeting in 
Also presented with “Cer 


American 


Petroleum Institute. 


Los Angeles 
tiheates of Appreciation” were C. P 
Dimir, vice-president of the production 
department of Phillips Petroleum Co.; 
Pace D. Townes Lynes, 


Ine. and DOL. Trax, of Gulf Oi Corp 


+ 


PB. Oklahoma City 
is leaving The Globe Oil and Retining 


president ot 


three vears as engineer in 


Antioch Gib 
Prior to joining Globe 


Co. after 
charge of the Southwest 
son Sand Unit 
with the Shell Oil Co. for 11 
production 


he 
vears doing drilling and 
work in Kansas, Oklahoma and Ulinois 
His future plans are indefinite 


Kern area geologist 


with the 


was transterred 


Bureau of Reclamation 


from Salem. Ore. to 


Kalispell Mont... for geologic investiga 
tions im Kalispell and Walla Walla 
Wash... offees 
+ 
Don CHaretits is now connected 


with the Sunray Corp. Tulsa. Okla 


Is 
Stanelind Oil & Gas 


working 


a geophysics 


trainee with the 
Brownheld, Tex under 


the geophysical training program 
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RK. was 
terred from the Tulsa office of the Gulf 
Onl Corp to the Pittsburgh office 


W. Gannert, Jr. has joined the 
Natural Gas Co 


as a geologist. 


Rocer GouteyKnon is now petroleum 


trans 


Peoples Pittsburgh 


engineer with the Venezuelan Oj) Con 


Maracaibo 


+ 


A. C. Wricur is now 
the Long Beach Oil Development Co 


cessions, Ltd Venezuela 


working with 


Long Beach, Calif. in the production 
department as a well-puller 


L. Kany. is now a trainee 
Phermopolis W vo 


with The Texas Co 


+ 


Ropert R. Larson has been made 
mud and drilling engineer for the 


Drilling & 
Angeles. 


Exploration Co. Ine. Los 


+ 


Avex S. Murray has joined the Im 
perial Oil, Lid Alberta, as a 
drilling engineer in the producing de 


Calgary 
formerly connected 
Atlantic 
Venezuela 


+ 


partment. He was 


with the Venezuela Refining 


Co... Caracas 


Homen ¢ tormerly with 
the Superior Oil Co.. has returned to 


the A&M College of 


ate study 


Texas for gradu 


+ 


Joun C. Parr is now connected with 
the Transcontinental Gas Pipe Line 
Corp... Houston. He was formerly asso 
erated with J. R. Butler & Co 

H NNINGS has bee n made 


evaluation engineer for the 


Corp. He had 


been petroleum en 


Deep Rock 


gineer for the Ohio 
Oil Co.'s Tulsa di 
vision for the past 
five vears. In 1939 
he joined Sunray 
Oil Corp. in Tulsa 


and in 1942 he 
went with Ohio 

where he spent a Se 
vear with the Mountain Fuel Supply 
Co. at Rock Springs. Wyo. before be 


Bakersfield 


division. He has also 


ing transferred to Ohio's 
Calif 


vate consulting 


work 
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PROPOSED 
FOR 
MEMBERSHIP 


Total AIME membership on September 30, 1950, 
was 16.737; in addition, 4,184 Student Associctes 


were enrolled 


ADMISSIONS COMMITTEE 

—. C. Meagher, Choirman; A. J. Phillips, Vice 
Chairman; George B. Corless, John T. Sherman 
lloyd C. Gibson, R. D. Mollison, Plato Malozem 
off, Ivan Given, H. P. Croft, F. W. Hanson, T. D 
Jones 

Institute members are urged to review this list 
as soon as the issue is received and immediately 
to wire the Secretary's office, night message 
collect, if objection is offered to the admission 
of any applicant. Details of the objection should 
follow by air mail. The institute desires to extend 
ts privileges to every person to whom it can be 
of service but does not desire to admit persons 
unless they ore qualifi 

In the following list C/S means change of 
status; R, reinstatement; M, member; J, Junior 
Member; AM, Associote Member; S. Student Asso 
jote; F, Junior Foreign Affiliate 


CALIFORNIA 


Bakersfield Nolan, Daniel B. (J) 

Compton Forte, Everett L. (J) 

Long Beach Faulk, Bill L. (J); Viack, 
Russell Jr J) 


Edward H. (J) 
Albert B. (M). 
Don E. (J 


) 
Thomas H. (M) 


Los Angeles Mayer 
McKittrick Dooley, 
Santa Maria Evert 
Van Nuys Wallace, 


COLORADO 


Denver Bryan, William E. (J) 
ILLINOIS 

Oblong Latimer, Warren E. (J). 
KANSAS 

Wichita Henderson, James C. (J) 
LOUISIANA 

Bunkie McGowen, Harold E., Jr. (M). 
Lake Charles Maricelli, James J. (A). 
Paradise Berwe Walter R., Jr. (M). 


Rodessa Moye, John L. (J) 

Sulphur Shrut, Robert H. (J). 

Vivian Perry, Dorsey R. (J) 
MISSISSIPPI 

Oxford Dodge, Jay R. (J). 
NEVADA 

Fike Cassell, John K. (J) 


NEW MEXICO 
Roswell Foley 


OKLAHOMA 


Faward J. (M) 


Bartlesville Jobin, Thomas J. E. (J) 

Ponca City Boyd, William L. (J) 

Tulsa Kramme Leo R., Jr J); Brett 
Floyd O. ar Henry M. (M); Finklea 
Ernest E. iJ) Richard N. (J) 
Kobdish, Richard Moore, Leland E 
Ji: Or Regina Robbins, William 
J) Tharp, Jos) (J). 
PENNSYLVANIA 

Bradford Seholl, Erwin S. (J) 
rEXAS 

Abilene Carne John H. iJ) 

Beaumont Hoan, Roy BE. (J) 

Corpus Christi Underwood, James R ar 
J 

Dallas Bush, Robert E. (M); Cable, Edwir 


J); Dimit. Charles E. «M): Hard. Ken- 


neth E 
Fort Worth Berger, Walter R. «(M) 
Houston Henry, Robert R M;) Robin- 
n, Cecil «J) 


Kermit Everett, Re M 
hilgore LaRoche 


Penwell Timr Robert W. (J 
West Columbia Davis, Douglas R. (J) 
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ENGINEERING EDUCATION 


Continued from Page Section 1 


citizens upon any one facet of environment is te ignore the 


fact that each is only one area of experience which contributes 
to the whole education. It is, however, one of the objectives 
of formal education to contribute to this desirable quality by 
specific or corollary work and by the methods of instruction 
which are employed. 

The capacity to do work and the ability to produce do not 
necessarily signify physical work or material production. Some 
form of contribution of the individual to society is the require- 
ment. The capacity to contribute and the type of contribution 
is a function of the area and the individual considered, but 
all must possess this capacity. A recognition of the need for 
this capacity as a basic objective is one means of integrating 
the formal education with the whole education 

The ability to communicate easily and accurately is like 
wise necessary to all, but the particular means of communi 
cating will not be the same for all areas or for all individuals. 
It is the function of the formal educational process to fit the 
type of communication to the individual's needs. 

It is pertinent to inquire how these objectives are to be 
attained. The prime requisite is to furnish the student with 
an understanding of environment. not only physical but alse 
social, economic, and political. The analysis which any indi 
vidual makes of a problem. the proper weighing of the factors 
pertinent to the problem, and the conclusions and actions 
derived therefrom are no better than his understanding of the 
environment within which the problem exists. An understand 
ing of physical environment is basic to an understanding of 
social, economic, and political environment. because the physi 
cal environment controls to a large measure the development 
of the others. 

The engineering program its based upen an understanding 
of environment. Engineering is in fact a study of the utiliza 
tion of physical laws within a given environment. It is well 
to note that this environment has many aspects. Although he 
must first study physical laws, the engineer must then study 
the usefulness of such laws in performing desired functions 
in our society. The choice of methods to be used in per forming 
these functions may be determined by economic. political 
and social factors. with all of which the engineer must be 
familiar. 

\ second requisite is to provide the student with tools for 
analysis, for recognition of important factors, and for deriva 
tion of logical conclusions. The particular subject matter used 
in providing these tools is irrelevant except that the tools of 
analysis may vary somewhat with the subject matter 

The engineering program necessarily include~ the elements 
of analysis. It is not only a part of the engineering student + 
training to learn these elements. but be must al-o learn to 
arrive at definite conclusions based upon bis own analysis and 
must rely upon his own answers. This desirable feature is 
present in few other programs of education. 

\ third requisite is to give the student the necessary inspira 
tion to use his tools of analysis within his environment to the 
best advantage of all. This goal. of course. is reached only 
through the use of qualified teachers. a condition necessary 
te any educational program. 

In carrying out these requisite features most programs u 
engineering education make use of devices which have beet 
subject to adverse criticism. The planned program is one of 
these devices. Critics assume that a planned program is 
narrew program which deprives the student of advantages he 
would have were it not planned. This is not so. The planned 
program is in fact part of the method of teaching the student 
his tools of analysis. The program in engineering is designed 
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to give the student all necessary ideas in their proper order 
and is no different in accomplishing its purpose from the 
planned “great book” series of the liberal arts. 

The heavy program usually required of engineering stu 
dents has likewise been criticized. So long as the program ts 
prope rly planned the fact that it is heavy is no drawback. In 
fact, this permits the program to be broader than it could 
otherwise be. It also aids in giving the student a discipline 
of work and achievement lacking in other programs 

Applied courses are often severely attacked. The miseon 
ception here results from a failure te differentiate between 
an applied and a descriptive course. The two are not synone 
mous. The latter has no place in the present-day engineering 
curriculum, but the former is a fundamental part of the engi 
neering curriculum. It is basie to bringing the student's 
understanding of his physical environment in focus with the 
other facets of his environment. It is one of the chief ele 
ments in the engineering curriculum which makes it a desir- 
ible program 

It is not the intent of this discussion to argue that the engi- 
neering educational program is perfect. Rather, it is te point 
out that the engineering program contains most of the desir 
able elements sought in up-to-date programs, and to ask the 
engineer to be more outspoken in a defense of his profes. 
sional education. It is also hoped that the engineering student 
will thereby gain inspiration to use the desirable features of 
his training to greater advantage in affairs outside his 
profession 

The engineering program needs much improvement, but its 
@ 


basic elements should not be destroved 


SEE formation 
ad you 


GEOLOGRAPH 


With Geolograph, \you 
actually watch the drill- 
ing change as the bit 
bites into contrasting 
strata — foot by foot! 
You'll find that this sub- 
surface control, while 
drilling, results in a higher 
percentage of successful 
drill stem tests; fewer and 
more correctly placed 
cores; accurate determi- 
nation of net pay thick- 
ness and elimination of 
many depth corrections! 


Odessa & Wichita Falls, Tex. - Ca 
Shreveport & Beton Rouge, la. Bake 
, Calif. 


‘TIME Wilt TELL 


THE GEOLOGRAPH CO. 


O Bex 129! Oblahome City | Oble 


SECTION 2... 38 


| 
| 
; 
| 
| 
| 
| 
Be 
AG 
4 
| 
| 1 
a ? 
=~? 
; 
4 
‘ 
14 
& 
| 
J 


Nominating Committee 
And Atlernates Named 


As provided in Article IX. Section 2, 
of the AIME bylaws, the names and 
addresses of the Nominating Committee 
for Institute officers for 1952 are given 
below. In each case, the name in pa- 
renthesis is that of the alternate, who 
is to serve only in the absence of the 
principal at the meeting of the com 
mittee, which will be held at St. Louis 
during the week of the Annual Meeting 
Feb. 19-22. 1951. 


Members designated by the Council 
of Section Delegates: W. L. Zeigler 
xeneral manager, Pend Oreille Mines 
and Metals Co. Metaline Falls, Wash. 
(Wallace G. Woolf, Box 209, Kellogg. 
Idaho}; Henry T. Mudd, 1206 Pacific 
Mutual Bldg.. Los Angeles 14. Calif 
(James A. Kavenaugh, 950 N. Highland 
Los Angeles 38. Calif.) : Albert 
Mendelsohn, president and general man 
ager, Cananea Consolidated Copper 
Honeyman, vice-president and general 
manager, Inspiration Consolidated Cop 
per Co. Inspiration, Ariz.): Herbert 
M. Cooley, assistant metallurgical en 
gineer, Bethlehem Steel Co. Box 2171 
Tulsa 2, Okla. Manion. Jr.. 
Stanolind Oil and Gas Co. Stanolind 
Bldg... Tulsa, Okla); Paul Ro Turn 
bull, manager drilling and production 
department, La Gloria Corp. P.O} Box 
779, Corpus Christi, Tex. (Mo D 
Cooper, National Coal Association. 5430 
Avlesboro Pittsburgh 17. Pa.) 
Philip D. Wilson, Lehman Bro. 1 Wil 
liam St.. New York. (James 
Douglas, Phelps Dodge Corp. 40 Wall 
St.. New York 5, Yo): Ro Sehuh 
mann, associate professor of prov 
ess metallurgy, MIT. 77 Massachusett- 
Ave.. Cambridge 39. Mass. Rush 
Spedden, MIT. Cambridge 39, Mass.) 
Herbert R. Hanley. emeritus professor 
of metallurgy, Box 318. Rolla. Mo. 
(L. P. Davidson, Box 222. Monsanto 
Hl.) Richard F. Miller. assistant to 
vice-president, research and technology. 
Carnegie-Hlinois Steel Corp. 434 Fifth 
Ave... Pittsburgh 30. Pa. (John T 
Ryan, Jr. Mine Safety Appliances Co 
201 N. Braddock Ave.. Pittsburgh &. 
Pa.); Harry M. St. John. superintend 
ent. Department 5, Crane Co. 100 5 
Kedzie Ave., Chicago 5. Hh (Rudolph 
Tietiz, Jr. engineer, A. J. Bovaton & 
58 EF. Washington St.. Chicago 2 
Diekerman, 2251 S. Cook 
Denver 10, Colo. (CL Barker 
308 Jasmine St.. Denver, Colo.) 


Members designated by the Branch 
Councils: S. J. Swainsen, director min 
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eral dressing laboratory, American Cy- 
anamid Co., 1937 W. Main St.. Stam- 
ford, Conn. (Veleair C. Smith, Kan- 
Valley Bldg., Charleston, W. Va.) ; 
J. Murray Riddell, head, department ot 
mining engineering, Michigan College 
of Mining and Technology. Box 144 
Houghton, Mich. (Richard W. Smith 
1615 H St. N.W.. Washington 6. D.C.) : 
Harold K. Work, director, researeh di 
vision, College of Engineering. New 
York University. University Heights 
New York 53. N.Y Llevd E. Elkins 
production research director, Stanolind 
Oil and Gas Co., P.O. Box 591, Tulsa 2. 
Okla. (R. C. Earlougher. 319 EF. 4th 
St.. Tulsa 3, Okla.) 

The committee will weleome sugges 
tiens for the official slate for 1952. The 
following offices are to be filled: presi 
dent for 1952. president-elect (presi 
dent for 1953). two vice-presidents. and 
five other directors. The terms of the 
following directors expire in February, 
1952: all are eligible for re-election 
L. E. Young. A. B. Kinzel. Philip Kraft 
H. W. Johnson, William J. Coulter 
Erle V. Daveler. James Head. and 
(Leorge P. Swift ~ * * 


Program For Annual 
Meeting Takes Form 


The annual meeting of the American 
Institute of Mining and Metallur il 
Engineers will be held at the Jeffer on 
and Statler hotels in St. Louis. Me 
Feb. 19 to 22. with the former hotel 
as official headquarters. The welcoming 
luncheon, smoker and student forum 
on Monday night. the informal dance 
Tuesday night. and the annual banquet 
and) president’ reception, Wednesday 
night. will be at the Jefferson Hotel 
The Metals Branch and Petroleum 
Branch dinners on Tuesday night will 
be at the Statler Hotel. The Mining 
Branch, except for three sessions at 
the Statler Hotel, will present its teeh 
nical program at the Jefferson and the 
Metals and Petroleum branches will 
hold their sessions at the Statler 

The Council of Section Delegates will 
meet on Saturday and the Board of 
Directors will convene in general se 
sien on Sunday afternoon. at the Jef 
fer-on. The annual business meeting 
of the Institute will be on Tue-da 
afternoon. The Mineral Industry Edu 
cation Division will held its usual Sun 
dav afternoon and evening sessions 

Whereas the technic al program tor 
Monday through Thursday still is in a 
state of flux and the meeting schedule- 
shown here are tentative there ! 


degree of fixation it 
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that it has heen 


necessary to assign rooms of appro 
priate seating capacities to sessions of 
ant ipated attendances 

The Petroleum Branch will hold three 
technical sessions, for which 10 to 12 
papers variously on drilling. logging. 
production practices. phase relations 
and field performance are in prospect 
plus the usual production review and 
in open meeting of the Branch Exec 
utive Committee. The technical and _re- 
views sessions will probably be ~ hed 
uled for Monday and Tuesday 

The annual dinner of the Petroleum 
Branch will be on Tuesday evening. *® 


AIME Finances Reviewed 
By Board of Directors 


Reviews of the financial position of 
the AIME in the current vear, as made 
at recent meetings of the Directors, in- 
dicate that a deficit of some $20,000 
may be expec ted. The budget at the be 
ginning of the year had been precari- 
ously balanced at $477,500, but in some 
instances income has been less than 
expected and expenses greater. Chief 
drop from expected income has been in 
advertising in the three journals, which 
had been budgeted at $125,000 and 
new promises te be about $105,000 
Expense for the journals may be 
slightly higher than expected, owing to 
increased printing and paper costs and 
tu a policy of maintaining their high 
standard. The directory proved more 
expensive than anticipated. On the 
other hand, dues ineome has been 
higher than expected. and certain econ 
omies in administration and ofhee prac 
tices have been attained. Even with 
the publication of the directory this 
year, an expense which was not borne 
in 1949. the deficit) promises to be 
reduced by some $50,000 from 1949 
and by more than $60,000 from 1948. ® 


Installment Payments 
kor New Members 
Many AIME members do not realize 
in approaching prospects for member 
hip. that the $20 initiation fee re 
quired of Associate Members and Mem 
bers may be paid in feur annual i 


stalments of $5 each. Junior Member 
do not have te pay any initiation tee 
ipplication for such membership may 
he made at any time before one’s 30t! 
birthday anniversary. and Junior Mem 
hers mav retain such status until their 
birthday anniversary. Then the 
must become either Associate Member 
Members. in either Case paving the 
initiation fee. in $5 annual instalment 
{ desired * * * 
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TECHNICAL NOTE 


Continued from Page 11, Section | 
on the other hand, illustrates a cement to which can be . 
added additional weighting material with increasing depth at 
which it is used. 
Pressure has no effect on the weight of this type of heavy 
slurry: furthermore, the pumping time of these slurries is not 


appreciably affected by the addition of the amounts ot barytes 
ore shown in Table L. 
The effect of this additive on the porosity and permeability 


PERCENT OR 


PERCENT ORE 


of the set cement was determined by the same procedure as 


was used for the bentonite. Again. there was little appreciable 


se ce 


effect on permeability. The porosity was not as greatly affected : 
PERMEABLE TI, POROS/ 


$ by the heavyweight additive as it was by the addition of 
bentonate. Fig 5 illustrates the porosity and permeability FIG. 5 — EFFECT OF BARYTES ORE ON THE POROSITY AND PERME 
Table Maximum Slurry Weights AGRI 
. Max. Slurry Barytes results of a typical cement. The other brands of cement tested 
Cement Depth, tt Weight, Ib ‘gal Ore by Vol produced similar results and it was concluded that the addi- 
Cement “F” 2.000 18.1 1 tion of barytes ore up to LOO per cent of the weight of the 
= 6.000 18.1 Oo cement would not cause excessive porosity and permeability. 
= 10,000 18.1 100 There have been no field tests with this additive: however, a 
14,000 18.1] 100 number of experimental plug back tests are planned for the 
Cement 2000 future with heavyweight slurries 
6,001 SUMMARY 
10,000 
14,000 17.4 100 In summation, when slurries heavier than a neat cement 
2.000 slurry are desired, the weight can be increased to as much 
6.000 17.3 9 as 19 Ib per gallon by adding up to 100 per cent barytes ore, 
10.000 18.5 75 but pilot strength tests should be conducted with the ore and 
| “ 14.000 19.0 100 brand of cement to be used prior to the job in order to insure 
*Cannot be used because of inadequate strength development that the set cement will develop adequate strength x *« © 
2: 


nee sand This experionce, of course 
The auth: comverted inte even better servicer 
our feeling of bigness 


with complet onthe-spot coverage for 
gratitude for the we have 


vil industry, we fe 
gh the help of our many friends ix fer 
opportunities of serving you. and hope 
industrs 
vou will make the Lastman Company « more 
« who believe in ae whe tongible part of your future programs 
cor Dell Surveving and 
Hirolled Directional Twenty sears of ‘ ~ 


od top-flight service bas resulted in 
Pressdent 


OIL WELL SURVEY COMPANY 


— A NAME OUTSTANDING FOR SERVICE AND EQUIPMENT 


December, 1950 JOURNAL OF PETROLEUM TECHNOLOGY SECTION 2 


| 
¢ 
2 
; = 
peed 
( 
| 
Meme to You! 
lie 
| 
if 
ar: 
| 
Te 
| bee 


AIME Publications 
Available in 1951 


Pursuant to Article X of the Bylaws 
of the AIME, the following informa- 
tion is hereby given as to the “condi- 
tions, prices, and terms under which 
the various classes of members, and 
Student Associates, severally, shall be 
privileged to obtain publications of the 
Institute during the ensuing year.” 


Publications authorized for 1951 
publication include the following: 

Minine published 
monthly, containing material, including 
technical papers, of interest to those 
engaged in exploration, mining geol- 
ogy and geophysics, and metal, non- 
metallic, and coal mining and benefi 
ciation, and fuel technology. 

The or published 
monthly, containing material, including 
technical papers, of interest to those 
engaged in nonferrous smelting and re 
fining, iron and steel, and physical 
metallurgy. 

The Jounnat or Perroteom Tren. 
voLocy, published monthly in Dallas, 
containing material, including techni 
cal papers, of interest to those engaged 
in’ petroleum production, exploration 
and drilling. 

Current copies of any one of the 
above journals will be supplied to all 
members in good standing without fur- 
ther charge. (A member ceases to be 
in good standing if current dues are 
not paid by April 1.) Lf more than one 
of the monthly journals is requested, $4 
extra will be charged for an annual 
subseription, or 75 cents for single 
copies. Higher prices may be charged 
for special issues. The nonmember sub- 
scription price for each journal is $8 
in the Americas; foreign, $9. Student 
Associates who pay dues of $4.50 will 
be entitled to the same privileges for 
all publications as members except as 
noted below; those who pay $2 will not 
receive individual subscriptions to the 
journals but otherwise have the same 
privileges. 

Three volumes of Transactions are 
authorized for 1951 publication as fol 
lows: No. 187, Mining Braneh; No. 188, 
Metals Branch: and No. 189, Petroleum 
Branch. These volumes will be available 
to members at $3.50 each for first 
copy if paid for in advance with dues: 
otherwise at the nonmember rate of 
$7 less 30°, 
United States; foreign, $7.50 


Nonmembers. $7 the 


Special volumes now planned for 
publication in) 1951 include the fol 
lowing: 

(1) OPEN 


HEARTH PROCEED 
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INGS. Price to AIME members, $7 
nonmembers, $10. 

(2) BLAST FURNACE, COKE 
OVEN. AND RAW MATERIAL PRO 
CEEDINGS. AIME members, $7; non 
members, $10. 

(3) ELECTRIC FURNACE STEEL. 
PROCEEDINGS. AIME members, $7 
nonmembers, $10 

(4) SYMPOSIUM ON TUBE PRO- 
DUCTION PRACTICE. Price to be set 

(5) BASIC OPEN HEARTH STEEL- 
MAKING, second edition. Price t be 
set. 

(6) STATISTICS OF OI AND 
GAS DEVELOPMENT PRO.- 
DUCTION, covering data for year 1949. 
AIME members, $3; nonmembers, $6 

(7) PETROLEUM CONSERVA. 
TION, by Stuart Buckley. Price to be 
determined 

(8) SYMPOSIUM SOLIDIFI 
CATION OF METALS AND ALLOYS. 
Price to be set. 

If dues are paid subsequent to Jan. 
$1, back issues of Institute publications 
will be supplied only if adequate stocks 
are on hand. A member may not re 
ceive a volume of Transactions or a 
special volume in lieu of a monthly 
journal, free of charge on membership 
Members in arrears for dues are not 
entitled to special members’ prices for 
publications. 

Rocky Mountain members may have 
their choice of an annual subseription 
to one of the monthly journals on 
reque-t. 2 


Notice of Dues 
For 1951 Given 

Pursuant to Article Il, Section 2. of 
the bylaws of the AIME. notice is 
hereby given that dues for the year 1951 
ire pavable Jan. 1 as follows 
Members and Associate Members $20 


Junior Members for the first six 


vears of Junior Membership 12 
Junior Members. thereafter 17 
Student Associates, including an 


nual subseription to a  menthly 
journal 4.50 
Student Associates, without journal 
subscription 2.00 
Mailing of dues bills began in Sep 
tember and will be completed in De 
cember. Prompt payment will assure 
uninterrupted receipt of the journal or 
journals desired in 1951. Tt. for any 
reason, a bill is not received within a 
reasonable time after the last mailing 
date. Dec. 31, Institute headquarters 
should be notified * * 
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Legion of Honor 
For 25 Members 

Just 25 AIME members qualify next 
year for the Legion of Honor, having 
been Institute members for fifty years. 
They are: H. C. Boynton, Arthur C. 
Brinker, James F. Brophy, Donald G. 
Brown. George A. Camphuis, George 
I Collord, Thomas Cox. J. \. N. Dorr, 
Lucien Eaton, John M. Fitzgerald, K. F. 
Goransson, B. Britton Gottsberger, Her 
bert R. Hanley. L. F. S. Holland. V. F. 
Stanley Low. W. T. MaeDonald, E. A 
Manners. Herbert A. Megraw. F. L. 
Morris, Horace Moses, Arthur C. Spen- 
cer, H. P. Townsend, Charles Henry 
White. Alexander N. Winchell. Lewis 
Young. 


Employment 
Notices 


The Journat will post notices of 
men and jobs available. Companies and 
AIME members are invited to use this 
space, for which there is no charge. 
Exe ept as noted below. address replies 
to: Code (appropriate number), Jour 
Nat or 60] 
Continental Bldg.. Dallas 1. Show re- 
turn address on envelope. These replies 
will be forwarded unopened and no 
fees are involved 

Replies should be addressed to: En- 
gineering Societies Personnel Service 
8 West 40th St.. New York 18. N. Y. 
The ESPS, on whose behalf these no- 
tices are published here. collects a fee 
from applicants actually placed. 

POSITIONS 
@ Independent Canadian oil company, 
with headquarters Calgary, has 
opening for senior petroleum engineer 
particularly experienced reservoir 
engineering and production practices 
No one with less than seven years’ ex- 
perience in the industry need apply. 
Give synopsis of education, training and 
experience. Supply recent phote if. pos- 
sible. Address: 206 Lougheed Building. 
Calgary. Alberta. All replies will) be 
held in strict confidence 
@ Position available February 1. 1951. 
assistant or professor with 
master’s degree or higher in petroleum 
engineering to teach reservoir engineer- 
ing courses in rapidly growing school 
with excellent laboratory and other 
facilities. Qualifications will determine 
salary. but will be comparable to in 
dustry. Location Southwest. Code 527 
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Hydrafrae 
Continued from Page 13, Section | 

results obtained in each formation were 
Formations treated have 
been located in 36 different counties 
within the state. Although results ob- 
tained in many fermations are main- 
tained for a long period of time, some 


presented 


zones result in extremely high initial 
increase which declines rapidly within 
three to six months after treatment. The 
stabilized production after treatment 
usually is greater than that before and 
accumulative production over a number 
of vears will undoubtedly result in a 
very profitable venture. Many wells pro- 
duce by flowing after treatment, whereas 
there was nothing but a show of oil 
before 

Most activity has been found in Ok- 
lahoma, North Central Texas and Kan- 
sas. Accurate results obtained on wells 
treated during the first vear show that 
three out of every four wells treated 
result in a production increase. Al- 
though it has been impossible to obtain 
authentic recent data, a cross-section 
survey indicates this percentage of sue- 
cess is still maintained. 

J. N. MeGirl of Tide Water is chair 
man of the program committee which 
arranged for the meeting. 

The Study Group meetings under the 
direction of John J. Arps, British Amer- 
ican Oil Co.. were commenced on Octo- 
ber 24 at the University of Tulsa. Jack 
Tarner of Phillips Petroleum Co. dis- 
cussed the Shuler-Jones Sand Reservoir 
in Arkansas which was discovered in 
September, 1937. A novel approach was 
used in this discussion by Tarner. He 
outlined all of the engineering data 
available on this held prior to unitiza- 
tion in February, 1941, and then ex- 
plained how these data were used in 
material balance calculations to predict 
future performance of the reservoir un- 
der both primary and secondary opera- 
tions. A comparison was then made be- 
tween these predictions and the actual 
performance of the reservoir which was 
subjected to gas injection in July, 1941, 
and water injection in July, 1944. 

@ @ 


Water Injection 

Continued from Page 13, Section 1 

In several California projects injec 
tivity indices have been observed to 
decline as injection progresses. The ini- 
tial value of the injectivity index does 
not appear to be related entirely to 
sand permeability. but to be affected 
also by viseosity and geological fac- 
tors. In order to improve the ability 
of the wells to take water pressure 
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washing, string shooting or string shoot- 
ing combined with acidization has been 
included in several instances as part of 
Break 


through has been observed te occur in 


the well completion program 


certain California areas of pressures 
equivalent to only 0.75 psi per foot of 
depth. 

C. R. Dodson, chairman of this lec 
ture series, announced that the next 
lecture would be held November 27 and 
that Bob Hawkins of Fullerton Oil Co 
would discuss the planning and instal- 
lation of an actual California water 
flood. including the selection of me 
chanical equipment. * * 


MicroLogging 

Continued from Page 12, Section 1 
for useful curves since micro spacings 
recorded from the customary electrical 
logging devices would be greatly af 
fected by the bore hole. 

The microvolumes measured by the 
MicroLog permit detailed logging of 
the formations as well as the detection 
of mud cake on the tace of the perme 
able zones. Since the mud cake is a 
greater percentage of the microvolume 
for the ]'5-in. Lateral than for the 2-in 
Normal, and since the resistivity of the 
mud cake is usually less than the re 
sistivity of the formation behind the 
mud cake, the microcurves are sepa 
rated. A positive separation occurs in 
front of these zones which are perme- 
able. Both curves 
ally show a value close to the mud cake 


however, will usu 


resistivity 

Loy outlined rules for interpretation 
and showed examples of MicroLogging 
in consolidated and unconsolidated for 
mations, including several from Cal 
ifornia. The California examples illus- 
trated the 
shale-shell sections and fractured Mio 
MicroLog 


should prove to be valuable in sand 


typical response in sand 
cene silicious shales The 


shale reservoirs as well as the hereto 
fore difheult analvsis of fractured shale 
zones since it gives an accurate detailed 
log of permeable zones. 

The present technique is the result 
of considerable research which is now 
directed toward refinements designed to 
provide certain of the information now 
available only through core analysis 


Sixty-six members and guests at 
tended the dinner meeting at the Ba 
kersheld Inn. Bakersfield, Calif.. to 
hear Lov’s address and elect officers for 
next year. New officers are: chairman 
D. G. Kingman: program) chairman 
C. L. Doyle: secretary, M. C. East 
man; treasurer, R. P. Mangold; mem- 
H. D. Campbell. *® 
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DID YOU MISS THE AIME 
FALL MEETINGS? 


If so, then you missed getting 
your 


PREPRINTS 


A limited number of preprint 
sets are now available at the 
Petroleum Branch, AIME, 
Dallas offices. 


These sets include the techni- 
cal papers presented at the 
1950 Petroleum Branch, AIME, 
Fall Meetings in New Orleans, 
La., and Los Angeles, Calif. 


AIME Members may order these 
sets of preprints for the prices indi- 
cated below. They include: 


38 Technical papers from the 
meeting held in New Orleans 
$3.00 


13 Technical papers from the 
meeting held in. Los Angeles 
$1.50 


Both sets for. .... . $3.50 


Petroleum Branch, AIME 

601 Continental Bldg. 

Dollos 1, Texas 

sets of New 


Please send me 


Orleans both Fall 
Meeting preprints. Enclosed is check for 


Los Angeles 


Address 
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Aduertisers Index 


Page 
Allen B. DuMont Laboratories, Inc. ° ‘ 
Austin C. Lescarboure, Croton on Hudson, N.Y Harry W. Dietert Co. 


* Johnston Oil Field Service Corp. 


American Petroleum Institute 
Walloce Davis & Co... Houston, Tex 


Sullivan, Stavffer, Colwell & fine ; iow York 


Baker Oil Tools, Inc... . . « « Ca ‘ . Sec. 1-14 
Theo. M. Martin Co., Sen Gobriel, Colit Darwin H Clark Co, Los Angeles, Calif 

Baroid Sales Division, National Lead Co. * tarkin & Co., Inc. 
Darwin H. Clark Co., Los Angeles, Calif Boycura Advertising Pann 


B and W Incorporated 
Chase National Bank. . . 


Hewitt Ogilvy Benson and Mather les 
Core Laboratories, Inc. 


Lufkin Foundry & Machine Co. . . Third Cover 
Cudlipp Advertising Agency, Lufkin Tex 


Menlo Research Laboratory . 


° ° Sturges and Associates. Son Carlos Calif 

Duvall Williams, Dollos, Tex Oil Base, Inc. J * a 

Dowell Incorporated » » Dozier Graken Eastman, Los Colif 
MacManus, John & Adams, Inc, Detroit, Mich Otis Pressure Control, Inc * Hs 

Eastman Oil Well Survey Co. . . See. 2—5 


Ted Workman Advertising, Dallas, ‘en 
Geophysical Research Corp 
G M. Giannini & Co., Inc. 


Western Advertising Agency Calif 


Great Lakes Carbon Co. . . Sec. 1-5 The Geolograph Co., Inc. . . Sec. 2-3 


Rickard and Co, Inc, New York lowe Runkle Co., Oklahoma City ‘Oklo 


» Schlumberger Well Corp. Second Cover 
Rives, Dyke & Co., Houston, Tex 


Grove Regulator * United Geophysical Co . Fourth Cover 
Rives yke ond Co., Houston, Tex Colit 

Halliburton Oil Well Cementing Co . Sec. 1—1 
lannan & Sanders, Dallas, Tex * In previous issues 


PETROLEUM BRANCH MEETING CALENDAR 
DECEMBER Through MAY 


FEBRUARY 


DECEMBEP 


20 Kenses Section 1 Ilinois Basin Chapter 5 Ilinois Basin Chapter 
21 South Plains Sub-Section 12 Mid-Continent Section 9 Mid-Continent Section 
; ; 13 Delta Section 10 Delta Section 
21 Oklahoma City Section 
14 Southwest Texas Section 1 Southwest Texas Section 


Kansas Section 


15 South Plains Sub-Section 


15 Oklahoma City Section 19 South Plains Sub-Section 
JANUARY 19-22 AIME ANNUAL MEETING, 19 Oklahoma City Section 
Statler Hotel 23 Pacific Petroleum Chapter 
4 Ilinois Basin Chapter St. Louis, Mo. 


Mid-Continent Section 26 Pacific Petroleum Chapter 


Delta Section 


10 Mississippi Sub-Section MARCH MAY 
10 Southwest Texas Section } Illinois Basin Chapter 3 Illinois Basin Chapter 
12 Sen Antonio-Austin 12 Mid-Continent Section 8 Delta Section 
Sub-Section 13 Delta Section 9 Southwest Texas Section 
15 North Texas Section 14 Southwest Texas Section 14 Mid-Continent Section 
15 South Plains Sub-Section 16 Kansas Section 
17 Kansas Section 
15 Oklahoma City Section 17 South Plains Sub-Section 
22 Pacific Petroleum Chapter 21 Kansas Section ] Oklahoma City Section 
25 Oklahoma City Section 26 Pacific Petroleum Chapter 28 Pacific Petroleum Chapter 
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The TROUT COUNTERBAL- 
MNCED CRANK was first 
introduced and adapted to 
on field pumping units by # 
LUFKIN in 1923. 


” This crank, along with many 

Other patented improve- 
ments, have contributed 
to LUFKIN’S imminent lead- 
ership in the industry. 


LUFKIN, TEXAS 


Bronch sales ond service Houston, Dalles, New York, Tulsa, Los Angele a. 


THE LUFKIN MACHINE CO., LTD. 14321 1080 ia 


LUFKIN FOUNDRY & MACHINE COMPANY 


DIVISION LUFKIN FOUNDRY & MACHINE COMPANY 
INDUSTRIAL MALL AND AUTOMOTIVE SUPPLIES 


4 

\ 
f 

| 
| | 
i 

COOPER. BESSEMER Of FIELD AND INOUSTRIAL INDUSTRIAL SPEED REDUCERS 


: 
q 


